DOCUMENT RESUME

ED 051 675 EH 009 073

AUTHOR Bjerstedt, Ake

TITLE System Synthesis in Instructional Programming: The
Intermediate Phases of the Program Construction
Process.

INSTITUTION Schoal of Education, Malmo (Sweden). Dept. of
Educational and Psychological Research.

REPQRT NO R-32

PUB DATE May 71

NOTIE 84p.; Didakometry series, Vol II

EDRS PRICE EDRS Price MP-$0.65 HC-$3.29

DESCRIPTORS Branching, Constructed Response, Covert Response,

*Feedback, *Instructional Systens, Linear
Programing, Models, Overt Response, *Programed
Instruction, *Programing, Prompting, Relevance
{Education), *Response Mode, Sequential Apprcach,
Systems Approach

ABSTRACT

In this second volume of a three-volume series on
the construction of self-instructional systems, the system synthesis
phase is described and directions are given for the construction of a
preliminary system version. In order to aid the program constructor
in establishing the correct sequence of instruction, various models
of programing are outlined, including the prototypical models of
Skinner and Crowder, linear models, micro- and macro-branching
models, and completely student-adapted models. A flow model is
suggested which starts from the subject matter content and includes
considerations of terminal behavior characteristics and of the
characteristics of the student population. The problem of determining
the proper information component for each instructional unit is
examined, with special emphasis cn the questions of step size,
prompting, and the use of fading technique. The advantages and
disadvantages cf such response factors as overt response, covert
response. eriors, constructed responses, multiple-choice responses,
relevance, and position in the text are explored. The importance of
providing the correct type amd quantity of result indications is
stressed. See also volume one (EM 009 072) and volume three (EM 009
074) « (JY)






SYSTEM SYNTHESIS IN INSTRUCTIONAL PROGRAMMING:
THE INTERMEDIATE PHASES OF THE PROGRAM
CONSTRUCTION PROCESS

EDO51675

U.S. DEPARTMENT OF HEALTH,
EDUCATION & WELFARE
OFFICE OF EDUCATION

THIS DOCUMENT HAS BEEN REPRO- ,
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION ORIG-
INATING IT. POINTS OF VIEW OR OPIN-
IONS STATED DO NOT NECESSARILY
REPRESENT OFFICIAL OFFICE OF EQU-
CATION POSITION OR POLICY

Ake Bjerstedt

The construction of a sclf-instructional system can bec scen as a work
process with threce main phases: (1) System analysis: Preparatory
work; (2) System synthecsis: Construction of a preliminary system
vergion; and (3) System modification and cvaluation: Post-construc-
tion control and improvement. - While phase { in the program con-
struction process was dcalt with in an carlicr report (Didakometry,
No. 30), the prescnt survey focuscs upon phase 2, discussing various
aspects of thc writing of a preliminary version (such as choice of
"flow model", working out thc information component of instructional

units, designing responsc requests and result indications),

s

Levvarawiz

This document was processed for the ERIC Document Reproduction Service by ’ l
the ERIC Clearinghouse at Stanford, We are aware that some pages probably |
} will not be readable in microfiche or in a hardcopy enlargement. However,

it this is the best available copy, and we feel that the document should not

be withheld from interested readers on the basis of these unreadable pages alone.

Aruitoxt provided by Eic:



CONTENTS

Preparatory Establishment of Sequnces: Choosing "Flow Models"

Two old prototypes
Some basic concepts
Some basic models
The simple linear model
A variation of the linear model
The micro-branching model
The macro-branching model, 1-4
Directed vs. voluntary choice of track
The completely student-adapted model
Two special arrangements
Choosing a '"flow model"
Starting from the subject-matter
On the basis of terminal behavior characteristics
On the basis of the characteristics of the target population
Preparatory structuring of subject-matter

Working Out Instructional Units: Information Component

Introduction: Components and types of didules
The problem of step size
The problems of prompting
General character of prompting
The problem of over-~-dosing prompting
Formal-mechanical vs. 'thematic' prompts
Linguistic -semantic prompts
Fading technique
Some other points on the construction of the information component

Working Qut Instructional Units: Response Request and Result
Indication

The response request
Overt vs. covert response behavior
The meaning of errors
Constructed responses vs. multiple-choice responses
Relevance
Position
The result indication



-9.1-

9. PREPARATORY ESTABLISHMENT OF SEQUENCES: CHOOSING
"FLOW MODELS"

After analysis of prerequisites and subject-matter, but before
preparing the individual instructional units for the student, the
constructor of self-instructional materia! should provisionally
establish the sequences; this will include choosing the ''flow model"
(e.g., deciding on possible branching in order to individualize the

content).

9.1 TWO "OLD" PROTOTYPES: THE SKINNER MODEL AND THE
CROWDER MODEL

The best-known types of 'flow model' are the two which are called,

after their inventors, the Skinner type and the Crowder type. The main

characteristics of the former are (a) that all students go through the
study material in the same w: -, i.e. work through all the tasks in the

same order (linear model) and (b) that the students give self-constructed

answers (either by means of a system of levers controlling a series of
letters or numbers, as in certain types of teaching machine, or, more
usually, by writing their answers on the work sheet). The characteristics

of the Crowder type are (a) that branching occurs in the material for

error treatment and sometimes to individualize the amount of work

(branching model) and (b) that the students respond by choosing between

ready-made alternative answers (either, when using a teaching machine,
by pressing buttons representing different answers, or by turning to
different pages in a book, depending on which alternative solution they
choose).

A good deal of the early discussion about the preparation of material
concerned the advantages and disadvantages of these two main types.
Both gave rise to somewhat aggressive schools of thought in defence
of the advantages of each of them. Some research projects have also
studied the question, but mostly without coming to any definite conclusion
clearly favoring one side or the other. It is obviously difficult, in any
case, to generalize from the results of this type of research.
Presumably different models suit different topics and varying groups
of students. Furthermore, so many other factors affect the effectiveness
of the material that, in the research which has been done, it has often
been difficult to isolate the effect of the flow model used. It must.be

added, and indeed emphasized, that the two models most commonly used

4
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during the first years are by no mecans the only possibilities. Many
other forms are certainly conceivable and probably just as effective.
The usual combination of flow model and type of answer found in
these two ''old" prototypes is also by no means sclf-evident (cf.
Figure 9.1).

9.2 SOME BASIC CONCEPTS

Even if different "'schools' of programming have not agrced about the
best type of flow model or answer, they do agrce on many basic points.
Thus most programmers have had no doubt that the material should

be divided up into small units for prescntation and that, in addition to
new information, these units should also contain some form of

request for an answer and be followed by some kind of report to the
student about the correciness of the answer.

Unfortunatecly there is no gencrally accepted terminology fer these
basic characteristics which at the samec time (a) is unconnected with
some special form of presentation, (b) does not favor a particular
theory, and (c) is sufficiently cxact to be used unambiguously. Thus
the term 'frame' is often uscd for the basic unit, in spite of the fact
that it is really only suitable for ccrtain types of prescntation (it docs
not seem suited, for example, to an auditive presentation). In
addition, the term has not been used consistentlyv, since certain
writers use it about the whole complex: information + respcnse dermand
+ indication of result, while others use it only for information +
response demand (regarding the indication of result as a separate
phenomenon, which in fact it is in certain forms of presentation). In
other words, the expression ''frame" vacillares between its original
meaning as a technical term referring to a specific presentation
method and a later, broader interpretation.

/The word "frame' also tends, unfortunately, to lead to a restricted
understandning of what is meant by an instructionii step. Many people
think that the ''small steps' so often talked about ir rrogramming are
more or less identical with what can be presented in the small
rectangular opening of a simple teaching machine (perhaps 1 t/2 x3
ins.). (For problems of the size of steps, see below. y/

Similar difficulties arise with other words which are used in this
connection. The terms ''stimulus' and "response'' are so general that

they are difficult to use in the sense of component parts of a single

o
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unit of presentation in teaching material of the above type. The word
"reward' is misleading because of its everyday meaning. The term
"reinforcement' is theoretically '"loaded' and should in principle not
be used a priori. In other words, it should be used only when it has
been demonstrated that a certain report of the correctness of behavior
does in fact "reinforce' that behavior, i, e. makes it easier to produce.

At one of the early international conferences on programmed learning
(Berlin, 1963) there was a Terminology Committee whose task was to
examine critically existing terminology in the field of programmed in-
struction. ¥ rom the discussions in the committee, it became evident
that the main problem was not to find adequate translations from one
language to another (although that aspect of the problem could certain-
ly be important), but to arrive at a sufficiently unambiguous and func-
tional terminology in English, the initial language. Sevcral peoplc, and
especially the specialist on learning thcories, E. K. Hilgard, expressed
the opinion that this tcrminology should be fairly ncutral fron: a thcorc-
tical and intcrpretative point of view, so that cducational psychologists
with diffcrent theorctical points of departurc could ncvertheless agree
on a basic descriptive vocabulary as a common point of refcrencc.

As an illustration of this ecndeavour we can mention the attempt to
find a scrics of simplec starting terms in English, German and French
for five key concepts or stages in programmed instruction: (a) what the
student is offered in the way of information and tasks, (b) the processes
thereby sct in motion in the students, together with the preparatory be-
havior which can be registered, but which docs not constitute the actual
response reaction;(c) the rcsponse reaction itself, (d) the indication
given by the teaching program of the correctness or incorrectness of
tne rcsponse reaction; and (c) the (partly hypothetical) processes which
register thc result for the student together with the necessary manipu-
lations (if any) for proceeding to the next unit of study (manipulation of
levers, turning the pages of a book etc. ). The suggested terms and
their mutual relationships arc shown in Figure 9. 2,

The examples of terms given herc can naturally form only a modest
beginning for a descriptive terminology. In many cascs therc is a need
for a fairly specific terminology, for which existing linguistic usage
does not give a sufficient lcad. In such cases, it is naturally often nc-
ccssary to introduce completely new terms. In the following we present
a few terminological suggcstions which, at least within the framework
of the present survey, should serve the purpose of referring unambiguous -

ly to some basic concepts. 6
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In what follows wec shall thus when necded usc the term ''didulce"
for the typical instructional unit in programmed study material, to in-
clude "information'', "responsc demand' and 'fced -back' to the student.
The term is assumed to include both what is called "frame content"
(stage 1) in Figure 9. 2 and also "rcsult indication" (stage 4). (As al-

ready indicated, the term '"frame"

is not complctely satisfactory as a
dcscription of stage 1, since certain programmers also usc it for
stage 4 and also becausc it has some undesirable side-associations. )
It will be noticed that the reprcsentatives for both the other main lang-
uages avoided corrcsponding words in the terms they recommended).

Within cach didule we can diffcrentiate three more specific compo-
nents, for which we shall usc, for the present, the following technical
terms: (a) stimule for that part of thc teaching unit which presents fo-
cal stimuli (central tcaching matcrial) plus support stimulation;
(b) respule for the responsc demand connected with it; and (c) corrule
for thc feed-back connected with the student’s response, i.c. usually
the indication to the student of the correctness of his answer ("result
indication' in Figure 9. 2). 1) Thus a trpical 'didulc'" consists of
“stimule" + '"respule'' + 'corrule'. When desirable to express thesc
concepts by brief symbols, we shall use tiic letters D, S, R and K to
rcefer to them.

We shall usc these concepts in our discussion of the characteristic

propcrtics of the different flow models. To begin with we classify the

different flow models into two groups: (1) lincar modcls (with a sequence

indcpendcent of the responscs) and (2) different branching models (with

a sequence dependent upon the responses). 2 Branching modcls may in
turn be said to be of two main types: (2a) micro-branching models, in
which differentiated trcatment occurs only within a didule, while the
didules themsclves arc arranged wholly linearly; and (2b) macro-
branching models, in which branching also occurs with rcspect to the

didule sequence and/or thc numbecr of didules.

1) The term '"result indication' can in some cascs be far too general,
as it can also be used for the final result as shown c. g. by the error
counter of a teaching machinc.

2) The linear model has been the most used. Among 749 British pro-
grams during 1960-66, 68 % wcrc linear; and among 468 Amcrican
programs, commercially available in England, during thc samc pe-
riod, 84 % were linear. (Cf. Cavanagh & Jones, 1966.)

ERIC 7
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9.3 SOME BASIC MODELS

9.3.1 The Simple Linear Model

The simple linear model is represented by the best-known form of the
Skinmer program. In this, all the students in the target population go
through all the didules in a pre-ordained order. This can be done by
mzans of presentation in book form one of the most well-known courses
of this type is the psychology course which Skinner worked ~at in co-
operation with Holland) or by presentation by a simple type of machine,
In principle, we get a build-up of the kind shown in Figure 9. 3 (and
in Box 9.1). The studcnt responds to one task at a time and immediate-
ly gets information about the corre~t answer. If he has given the wrong
answer, he iz made aware of it, but nevertheless goes straight on to
the next task. The response request functions as part of the learning
process and does not constitute any '"'test' of what has been learned.
Fairly often, rather short didules have been used in these programs,

but this is of course not a necessary consequence of the flow model.

9.3.2 A Variation of the Linear Modcl: The Chaining Modcl

A variation of the linear model is the ‘'chaining model', advocated by
John Barlow (1960). In both models all students go through the same
didules in the samc order. A characteristic of the chaining model, how-
ever, is that the didules arec ''chained together't in such a way that the
corrule-component in one task is incorporated as a part of the stimule-
componcnt in the next (cf. Figurc 9.4). The student is first given a
task in the ordinary way and gives his answer. Instead of petting in-
formation about thc correct answer scparatcly (as is usual in the simple
linear modecl), the right answer is incorporated .a the next task unit
as onec or more words in diffcrent type (c. g. capitals). Scc Box 9. 2.
This special techniaque can have two advantages, (a) the student can
expericnce greater continuity in the material, and (b) it prevents the
constructor from making too large lcaps in his thinking and can therc-
fore act as an aid in reminding him of the "'small steps! principle. The
special form of writing is obviously of great importance, for therc may
somectimes be a risk of recduced 'focusing' and lessecr ''rcadability''.
Few studics scem to have uscu the method in research (but cf, Trittipoc

ctal.,, 1963, and Greenberg, 1968).

w R
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9. 3.3 Thc Micro-Branching Modcl: Branching for Error Trcatment

Thec most usual kind of branching scems to have been that special type
of error treatment most often uscd in the Crowder program which has
already becn summarily trcated above. It consists mainly of a branching
within the individual didule without alteration of thec total didule sequence
or number of didules,

This crror trcatment in genecral takes the following form (cf. Figure
9.5 and Box 9. 3). In study unit 1 the student is given information and
the accompanying task. Hc will answer by choosing onc of a number of
alternative possible answers. If he gives the corrcct answer, he im-
mediately gets the next information and task., If, on the other hand, he
gives the wrong answer, hc gets instead an explanation of his mistake,
which shows that he has madc a mistake and explains why the answer
was wrong. As a rule, the student is then directed back to the first stu-
dy unit with instructions to choose another altcrnative ("'stimule and
respule repetition') before continuing.

This procedurc can be cxpressed in another way thus: All the stu-
dents get the samec basic stimule and respule componcents, but as a re-
sult of the student’s answer, the corrule can take various forms. When
a wrong choicc is made, the corriule consists of error treatment

(differcnt for different errors) and, when the correct choice is made, of
an indication to this cffect and direction to the next didule. This indi-
cation is sometimes only implicit: the student knows that he has given
the right answer since the ncxi task is presented. But frequently it
takes the form of a '"pat on the back", e.g.:

"Right you arc. "

"You are correct, of coursec, '
"Excellent, "'

"You arec doing fine. "

"Grand. "

Error indication in a typical Crowder program oftcn begins with some
form of chaffing:

"Now, wait a minute!"

"Now, you recally know better than that, "
""Qooops!"

""Oh, come on now.
“"'Sorry, bad guess."

The latter phrases, however, always lead to a morc detailed explanation,
and it is this explanation which is most charactcristic of Crowder’s micro-
branching crror treatment. Other constructors have worked with multi-
choice altcrnatives without error treatment (c. g. Pressey). In

these cases it would be morc natural to speak of a linear program with

alternative answers (cf. Figure 9.1, cell B) than of micro-branching.
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9.3,4 The Macro-Branching Model ({-2): Sequence Differentiation of

the Repetition Type

The ability of different students to profit from something new varies
greatly, depending, among other things, on their background experience.
The need of practising the application of certain rules is therefore also
very varied. From the point of view of time and effectivity, it can be
uneconomic to suit the construction of self-instructional material to the
"lowest common denominator', i, e. to build into it as much repetition
for all as for the student with the greatest need for repetition, An alter-
native possibility worth considering is therefore a sequence variation

in the material with more repectition for the students with the greatest
need of it,

A simplc example of such macro-branching is shown in Figure 9. 6.
Here a special "post-checking didule' has becn introduced into the task
sequence, If the student does this well, he simply gocs on to further
study material. If, on the other hand, he fails to complcte it satisfac-
torily, he gets instead a larger or a smaller repetition task. In the
simplest case, he is directed back to a certain earlier task number and
instructed to repecat a series of didules which he has alrcady gone
through,

If one is <caling with subject-matter which is not scquential in charac-
ter, e.g. the learning of individual associations (vocabulary in a foreign
language ctc. ), thec repetition can wmecan that the student gees back to the
tasks in which he earlier made mistakes and works through them again,
This post-check is often arranged so that the student has to go through
the tasks to which he has giver. the wrong answer until he has answered
cach task correctly at least once, It should be notcd that Skinner, in
his earlier experiments with the so-called '"disc programs' (discs in-
serted in a apparatus similar to the old memory psychologists’ "mnemo-
meter") worked with study material of this type. Skinner’s name has in
the discussion been almost exclusively connected with strict linear pro-
gramming, It is therefore interesting to observe that he also worked

with highly individualized rcpctition programs {(cf. Figure 9. 7).

9.3.5 Macro-Branching Model (3): Scquence Differentiation of the

Rapid-Track Type

As a counterpart to simple ''direction back' at a wrong answer in a post-
checking didule, we can obviously devise a simple '"direction forward"

for other circumstances. Let us assume that we cannot presuppose,

11
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among the majority of the target population, a certain type of mathe-
matical knowledge which is necessary so that a certain new stage in
the course can be performed. We must, then, before we can start on
this new stage, arrange a preparatory sequence to teach the necessary
knowledge. However, the target population in all likelihood contains a
'few students who have already, in some way or other, acquired this
knowledge and thus do n~* need to work through the preparatory didules.
If we believe that this i. , we can arrange a ''pre-checking didule"
which tests the students” knowledge in this respect. If this check is
successful, i, e. shows that individual students really have this know-
ledge, we direct them to skip the preparatory scquence and instead let
them start straight away on the next stage of the course. (Figure 9.8
and Box 9.4.)

Both pre- and post.checking didules can be thought of as 'filter di-
dules!, which give information about the best possible flow track for
the individual student. To avoid gucss-work and chance playing too
grecat a part at such important check points, it is often 2 godd thing not
to be content with just one checking task, but to use several of this
type. If they all give the same result, we can naturally be more cer-
tain that our recommendation of a flow track is based on recliable in-

formation about the student’s qualifications.

9.3.6 Macro-Branching Model (4): Parallel Track Type

Both the repctition type and fast track type of sequecnce differentiation
imply in a way only manipulation of a basic model of a '"linear' type,

a fixed chain of study units which we "shorten' or 'lengthen'" accord-

ing to the needs of the individual student. We either make the student

go back and go over certain sections again, which we believe he necds

to repeat, or let him skip ccrtain scctions, which we think are unnecess-
ary for him. But there are also possibilities of macro-branching with
tracks which run parallel. A general diagram of such a model is given

in Figure 9, 9.

A parallel track arrangement can be used for very differcent purposes:
(a) repetition or practice material of different kinds for groups of stu-
dents who shdw varying rctention of material previously worked through,
(b) informative material of varying scope for groups of students with varied
pre-knowledge, or (c) treatment of the same set of problems from diffe-

Q rent angles depending on the students’ various attitudes and opinions.

ERIC 10
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The first of these uses has a purpose very similar to that of the
above-mentioned branching-model with repetition. There is sometimes
a risk, however, that a strict repetition of mraterial which has already
been worked through (not least in the form occasionally presented by
machines which "reverse back') can be a disagrecablc experience for
the students. Since a positive learning climate is of esscntial impor-
tance when self-instructional material is being uscd (one trics to pro-
ducc this, for example, through scqucnces with a low crror rate), it
would be wecll to try to arrangc it in a plcasanter way. All thc students
can, for examplc, get "new' practicc tasks, so that thosc who have
shown that they havec not mastercd previous matcrial get a longer
parallel scrics of practice tasks than the others. It is then a question
of further training in the form of ncw tasks instcad of strict and mani-
fest repetition of the same tasks,

The last-named method - treatment of the same sct of problems
from varying angles depending on different students” varying attitudes
and opinions - is perhaps thc onc that has becen lcast used. If self-
instructional material is to bc madc rcally effective in arcas where
different opinions cxist and should be clarified, for example, a parallcl
track arrangcment of this kind should be an exccllent method, following
in scveral respects the important principle of the time-honoured Socra-

tic discussion method.

9. 3.7 Directed vs. Voluntary Choice of Track

It is worth mentioning here that there arc many ways of choosing a
track at the point of diffcrentiation in a multi-track model. Thec most
usual is perhaps that thc choicc is made on thc basis of the student’s

responsc to a filter didule. He is dirccted to different study scquences

according to the alternative answer he chooses. Another possibility is

to choosc a track as a result of somec kind of reaction summation. If,

for cxample, the student gives more than 90 % of the correct solutions
in one scction, he may continue dircctly with the next scction, Other-
wigc he first has to work through a speccial review scction.

Side by side with these two types of directed choice, there is also
the possibility of a voluntary choice, The student chooses at a ccrtain
point (a) whether he wants to repeat a section or continue, (b) whether
he wants to study a certain problem more deeply by going through our
"extra course' sequence or skip this material, or (c) whether he would

like to have a certain type of problem illustrated by examples from one
13
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special area of experience rather than from another (Box 9.5,
Example A).

A certain number of such opportunities for voluntary choice often
give the students, especially if they are more adult, a valuable feeling
of greater freedom in their work. Apart from the fact that such a choice
of illustrations from a personally relevant area of interest can in itself
directly promote cffectivity at the particular point to be illuminated,
is often increases motivation generally to be allowed to make such a
choice, Hence, this technique may increase effectivity indirectly, too.

In certain cases such a voluntary choice inserted at an carly stage
helps a student to clear an "emotional block'' caused by misunder-
standing of the instructor’s presentation of the facts and his intentions.
This means that an unnecessary barrier to communication is broken
down, thus making a further contribution to increased instructional effec-

tivity (cf. Box 9.5, Example B).

9. 3.8 The Completely Student-Adapted Model

Even if branching models of the type now under discussion result in
greater attention being paid to the individual differences than the linear
model admits, they hardly mean that one proceeds in cvery single task
as a rcally effective private tcacher would have done. Sometimes a par-
ticular student is given unnccessarily many examples. Sometimes he

is given too few. It is, however, quite possible in principle to build up
considerably morec student-adapted models in which each unit of presen-
tation is chosen on a basis of the student’s reaction to the one imme-
diately preceding it.

Computer techniques can be used for this purpose, However, this de-
mands comprchensive preparatory work to create instructionally suit-
able patterns of "machine behavior' (cf. Box 8.1 above). Advanced comp-
uters within the school system arc still expensive and not very frequent.
This means that while such possibilities are certainly of great theore-
tical interest, they have as yet limited practical value for many teaching
situations. (Readers intercsted in developments of this kind may refer
to Stolurow & Davis, 1965, Bushnell & Allen, 1967, and Lehnert, 1970,

among others. )
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(2) With undivided units:
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Figure 9.3 General diagram of the simple linear model
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Figure 9.4 General diagram of the chaining model

Y
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Box 9.1 The simple linecar model: An example

37. DE- is o negative prefi:z that is put in {ront of verbas,
DE - means "do the opposite of' the verb’s meaning.
HUMANIZE means ""make human''. The opposite of making
something good for humans is making it bad: thec opposite of
HUMANIZE is
DEHUMANIZE

38. An army is called together and trained for action: it is
mobilized. When the time of scrvice is over, the men are
let go. '
They have been
demobilized

39. If the laws of 2 country arc "made fit for humans' (or changed
to what is favorable for man), we say that they have been
humanized. If the changes arc unfair to man, wec would say
that the laws have been dchumanized. HUMANIZE is the

of DEHUMANIZE.

opposite

40. DEHUMANIZE, DECENTRALIZE, DEMORALIZE,
DEODERIZE - All thesc words have the n prefix
DE-.
negative

41, A hundred years ago, young boys worked in factories and in

mines. Boys as well as men worked twelve hours a day for
very little money, Before long, such treatment of children
was considercd inhuman. There now are laws against it. The
laws have (dehpmanized/humanized) the trcatment

of working children,

e e e e e e W o e W T e e e e o m T e m e e W e e w we e e = =

hurnanized (Things arc better now)

Sample units, slightly edited, from S. M. Markle: "Words. A pro-
gramed course in vocabulary development. "'

To
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Box 9,2 The chaining modcl: An example

37.

DE- is a negative prefix that is put in front ¢f verbs.
Humanize means "malke human', The opposite of making
somecthing good for humans is making it bad: the opposite

humanize is .

38.

DEHUMANIZE, decentralize, demoralize, dcoderize -

All these words have the n prefix de-.

39.

ctc.

Using the NEGATIVE prefix de-, you can oftcn exprcss the
opposite of a verb’s mcaning, An army is called togcther
and trained for action: it is mobilized, When the time of

service is over, the mcn arc let go. They have becn
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(error treat- /\2 (error treat-
. ment)’ o ment)
Ria / Za
S Rib — Kib (correct e > RZb —_— (correct
1 . answer) Sy L] answer)
R, )
\ . 2c \
™
(error treat- X, (error treat-
c
ment) ment)
Ny e’ - g
— ——
DIDULE { DIDULE 2

Figure 9.5 General diagram of the micro-branching model
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Box 9.3 Micro-branching: An examplec

Note to the reader:

This is not aa ordinary book. Although the pages arc numbered in the
ordinary way, you must not try to read them consccutively, You must
follow the dircctions at the bottom of cach page., Now start with page 1,

PAGE 1

What Is a Poem? Few writers are in complete agrcement, but many
seem: to agrec in onc area: a poem rust at least be honest, consistent,
and complete. - Almost cveryonc has rcad some poetry, and we can
all recognize a poem when we see one, Or can we?

Which of the following statements is true?

I?
Why?
is not a poem. (See pagc 7)
abcdefg
hijklmnop
qrs and tuv

w and xyz
is not a poem, (See page 9)

Both of the above arc poems. (Scc page 11)
Necither of the above is a poem. (Sce page 13)

PAGE 2

You have rcached this page by mistake, for you could not have arrived
here by following dircctions. You must not try to rcad the pages se-
rially. On cach pagc there arc clear instructions directing you to the
next page you arc to read.

Now go back to the page you just came from, and follow dircctions.

PAGE 7 (from page 1)
YOUR ANSWER:

I?
Why?
is not a poem

Why not? Do you think that a poem must have a specific number of lines
or look regular or contain a certain amount of material? If so, you are
wrong. "I? Why?" has been called the shortest poem in the English
language because its two words rhythmically express a complete
thought. It asks a question that has plagued men since the beginning
of time: "Why do I exist?" ~

During this century poetry has undergonc a period of experimen-
tation., Changes in style and subject matter have sometimes produced
oddities. But language is flexible, and you must expect pocts to utilize
its versatility, However, thc poem can still meet the threc require-
ments mentioned carlier: honesty, consistency, and completencss.
Q Recturn to page 1 and seclect another answer.

1Y
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PAGE 9 (from page 1)
YOUR ANSWER:

abcdefg
hijklmnop
grs and tuv
w and xyz
is not 2 pocm.

Carcful. 1t is a2 poem, for it well cxemplifics the rcquirements of
honesty, consistency, and complctencss set forth earlicr. The alpha-
bet, although commonplace, is not an unfit subject for poctry, even
though its poetic possibilities arc limit.ed. In fact, the alphabect, in
its normal order, was actually uscd in the 1920°s as a poem entitled
"Suicide',

Pocts often experiment, and you should be willing to accept vari-
anccs from what you might consider traditional forms. In cxperimen-
tation, howcver, the poct nced not violate the requirements of honcesty,
consistency, and completencss,

Return to page 1 and sclect another answer.

PAGE 11 (from pagc 1)
YOUR ANSWER: Both arc poeras.

Yes, you are right, "I? Why?" could perhaps be entitled "A Mectaphy -
sical Introspection of Myseclf in Terms of the Universal'. Thac alpha-
bet, so presented, has a rythmical complecteness that 2 rcader may
find attractive,

But you would have a difficult tirr ¢ justifying your view that the two
oxamples are poetry unless you defined your terms. Most disagrcc-
ments about poetry stemy from: a failurc to do just this,

Therefore, itis desirable to clarify further the meaning of the three
key terms mentioned above: honesty, consistency, and cornpletencss,
If we have a poem. ., ...

(Note: Here the program cives a new task with different response al-
ternatives, lcading on to different pages. )

PAGE 13 (from page 1)
YOUR ANSWER: Ncither is a poem.

Arc you willing to back up this belief with cvidence? Can you defince for
yourself what a poern is? Try it. In 25 words or leass, cormplete the
following statement: "A poecm is .., . "

Could you do it? If so, did your definition contain references to
rhyme and rhythm ? Both texts contain rhyme and rhythm, don’t they?
If the two arrangements arc not poecms, what elsc arc they? Just be-
cause a group of words docs not appear to have a clear mecening at
first glance does not preclude its being called a pocm, if the threc re-
quirements of honcsty, consistency, and completeness are not violated.

For the moment, I suggest that you accept both of these examples as
pocems, If you had sclected the answer "Both are poems', you had
been directed to page 11. Go to that page now, and we will clarify the
definitions further as we go along.

Sample units, abbreviated and slightly edited, from J.C. Pratt: "The
meaning of modern poetry''.

218
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("Post-checking didule")

Figure 9.6 The macro-branching model {: Sequence differentiation of

repetition type - simple direction back after wrong answer
in a post{-checking didule

Note: The student has got as far as didule no. 50, which is a checking didule
for the immediately preceding study section. If he answers correctly
(alternative b), he gets the next task (DSI)' If, however, he answers
with alternative a, we perhaps consider this a serious mistake, which
shows that the student has missed important information. The student is
therefore directed back so that he repeats a long section, e, g. from
DiO to DSO‘ If he answzrs with alternative ¢, which is considered a less

serious mistake, he need repeat only a shorter section, e.g. from D

DSO.
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I'igure 9,7 Macro-branching model 2: Sequence differentiation of repetition
type - direction back to individualized repetition, including pre-

vious wrongly-answered didules

Work criterion: Each task answered correcily once.

Initial sequence for all students:

/.\\\ 4,/'"“ /,/ "\__\ /'/ N / P |
D .\.L-} [ D «) :' D 3 D 1—:\ i D L?» { D }..‘;. D )-;\ D \,,v_',
1 2 ; 5 6 . 4
&”,/ K \ \ ,./'/ \ / \\' / //

R "

Student A’s work {completed in 18 stages)

Result of student A’s work in first working:
T Tar Y3 Ty Tsr Wer Tpr Wgr Tor Tigr Wigr Typr Tyzr Trer Ty5
(r = right, w= wrong)

Student A’s individual work sequence. second working:

Pupil A’s result in second working,

Ter Tgr Ty

Student B's work (completed in 26 stages)

Result of gtudent B s work in first working:

rip Tys War Wy We s r6’ Wes W82r9: Ti0’ wii’ Wizy r13; 1'14».“’15
Student B’s work sequence, second working:

;.@-.9 @; .

Result of atudent B's work, second working:

T3 Wy Vg Tps Tgr Wygr Trar Tis
Student B's work sequence, third working:

/\ /’/\
T\
/.
Student B s result in third working:

ERICT4r 50 744 2

B
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("Pre-checking didule")

Figure 9.8 Macro-branching model 3: Sequence differentiation of the rapid
track type

Note: The student has reached didule no. 50, which constitutes a pre-checking
didule for the next study section, 1f he chunses a wrong answer (b or ¢},
he simply goes on to the next task, 1f, however, he answers correctly
(2), we perhaps estimate that the student already has the knowledge the
next section is supposed to give. He can then make a jurmp forward (skip
the material he alre.dy knows} and begin, for example, with didule 61,
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Box 9.4 Rapid track model: Exarhple of a pre~checking didule

41. To be able to go through our next section in German grammar,
you must be quite sure about what is meant by '"'subject',
""dative object!" and ''accusative object’’.

Mark the subject with an S.

Mark the accusative object with an A.

Mark the dative object with a D.

a. The girl gave the boy a ball.
b. He bought an ice-cream.

c. He gave it to her.

- Solution to No. 4i:
a. The girl gave the boy a ball.
S D A

b. He bought an ice-cream.
S A

¢ He gave it to her.
S A D

Instruction:

1f you made a mistake, or if you do not feel sure about it, go on
with No. 42 next. This will give you moire practice with parts of
the sentence.

If you did not make any mistakes and feel certain that you can re-
cognize the '"subject!, "accusative object'' and ""aative object',

go on to No. 71.
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5 Choice according to direction of interest or attitude:

two examples

50.

Example A:

In our study of developmental psychological principles
and their importance for the teacher’s handling of the
student in school, we shall now give a series of concrete
illustrations., Ifere you should choose the section you
read according to your interest or area of experience.
Instructions:

If you teach in grades 1-3, study next tasks 51-60,

If you teach in grades 4-6, you can skip the next tasks
and concentrate on Nos. 61-70,

If you teach in grade 7 or higher, you can concentrate on
tasks 71-30.

Example B:
100.

When we describe the target for our tcaching, it is usually
not cnough to say what kind of behavior the course is in-
tended to teach. We rnust also state clearly how well the
student should be able to do, In other words, wc should
statc a lower limit for an acceptable performance. Now
choosec the pages you will recad, depending on your attitude.
a. "Show me how I should set about describing the limits
for acceptable performance, " - turn to p, 103.
b, "Much of what I teach cannot be evaluated or measured. "
- turn to p. 101.
(The students who choose p. 101 will get the starting -point
further clarified and motivated. It is hoped i this way to
avoid possible misunderstandings and, if possible, to create
a more positive attitude to thc suggested procedurc. These
students are then directed to p. 103 to continue. - A procedure

closely corresponding to this example will be found in Mager,

1961. )

6]
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9.4 TWO SPECIAL ARRANGEMENT 3

9.4.1 The '"Tail Modecl"

If the complctely student-adapted model belongs to the uncertain future,
what is called here thc ''tail model' belongs to the past history of the
teaching machine, The first well-known expcriments with tcaching ma-
chincs were made in the twentics by Sidney L. Presscy, Professor of
Education at thc Ohio State University. The mrachines he used were
primrarily intended for the correction of tests, They saved the tcacher
the work of correction by adding up the numbnr of correct answers
to test questions which the student answercd by pressing buttons.
According to Presscy, thesc machines could also be used for tcaching
purposes. In this casc, the machine did not go on to the next question
before the preceding problem had been corrcectly solved. The student
had to go on attempting until he found the correct altcrnative answer,
Sincc the student worked actively and always got the right answer.
Pressey maintained that this typce of work had considcrable valuc for
effective tcaching. The ideas of crcating a totally sclf-instructional
coursc in thc form of a chain of small tasks, to arrangc coursc matc-
rial in an instructionally dctailed scquence, to work with small steps
and try to keep thc error rate low; - thesc ideas did not lic within the
scope of Precssey’'s aims, simply because his teaching machines were
not primarily intended for tcaching in thc ordinary scnsc of the word,
but for checking rcsults and a certain amount of '"post-teaching', The
rcal tcaching, thc basic inculcation of information, was donc in other
ways, c,g. in the form of traditional lessons and by rcading textbooks,
When the idea of completely programmed courscs were worked out
latcr, many thought Prcsscy’s technique primitive and inecffective by
comparison. Nor wag it built up from the thorough preliminary work
which is nowadays considcred natural in preparing the matcrial for a
self -instructional coursc. But it must be remembered that he had a
different purposc in mind. It was not a question of complete study ma-
terial, but material for checking and correcting. However, Presscy
has argued, with somc success, that such '"tail models' may have a
special value, In many cases, w2 havc neither the timme nor the possi-
bilities for constructing complciely programmed courses. In somc cases
we are perhaps more interested in giving the student good habits of
study and the ability to work with refractory material than making ccr-

tain that, by pedantically thorough spoonfeeding, certain subject-matter
"’
Q o 1
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has been completely learnt, It would then be quite natural to lect the stu-
dents work independently with texbooks and other source material and,
after they have done this, check and correct their work by a device of
the '"tail model" type. On the other hand, if one does construct mate-
rial of this ''tail” type, onec should naturally not deceive onesclf or
others into believing that onc has a complectely programmed coursc

with its special advantages and arca of usc.

9.4, 2 The "Intecrmittent Modecl"'

A compromise between Pressey s ''tail model' and a morc completely
programmed course is the "intermittent model', In the preparation of
the study material one then differentiates between the subject -matter,
the instructions for trcatment of the subjent-matter and the checking
tasks. The ncwly constructed study material thus mainly takes the
form of a detailed study plan interspersed with self -correcting tests,
while the actual matcrial for study is taken by the students from a varie-
ty of other sources, to which he is directed from his study compendium.
The source material can consist of diffcrent parts in textbooks and re-
ference books, diagrams, tables, maps, ctc., The study compendium
gives him dircections as to where to find his material and how it is to

be treated. When he has followed the instructions and used the material
in this way, he gocs back to the compendium where he is tested on his
knowledge. If the result is satisfactory, hc is directed to new material.
If it is unsatisfactory, hc is dirccted to study the carlier material
again or to go to another source which in principle prescents the same
matecrial to be learnt in another form.

Thec changec-over between rcading the instructions, independent work
from sources and sclf-testing aftecrwards which the "intermittent' mo-
del offers should in many cases give the teacher a usecful instrument
in his striving to creatc good, indepcndent habits of study. However,
there may be a risk of lazy rcading and direct copying, and this should
be borne in mind when the material is constructed. It will naturally be
important to formulate the instructions in such a way as to encourage
a critical and active form of study. The method may also mcan that the
individual student gets inadcquatc help in his studies, unless special
preparatory training has got rid of the difficulties.

Bot the "'tail'' and Yintermittent'' models can be said to consist main-
ly of checking didules. In the tail model, thc whole checking section

comeces at the end of the work, and the necessary subsequent direction of

28



the student is left entirely to the tutor/teacher. In the intermittent
model, this checking takes place at suitable stages in the work se-

quence. On the basis of the test result the student is then directed to

new tasks without the immediate intervention of the tcacher. Sclf-
instructional study ratcrial, consisting mainly of sourcc masterial, in-
structions and checkin; didulecs, very closely resembles the kind of
study matcrial traditionally uscd by correspondence schools. It should
be possible to increase effcctivity in the technique of tcaching by
correspondencec by following, to a grecater degrec than has been custo-
mary in the past, the stages of preparation we have outlined above for
constructing sclf -instructional material (and also, of coursec, by sub-
n-itting the material to the en-pirical testing proccdure which we shall

deal with later on).

A
D
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9.5 CHOOSING A "FLOW MODEL"

9,5.1 Starting from the Sutject-Matter

In one of the many introductory works on programmed teaching published
in the USA, the author (Cram, 1961) concludes his chapter on lincar and
branching programs with a sclf-test (p. 64) which, somewhat shortened,

looks something like this:

Which style of programming would you consider first if you were to pro-
gram a lesson or book on the following topics?

1. Housechold budgeting

2, How to mount a butterfly

3. How to find the square root of a number
4, Methods of psychoanalysis

5, Should you be in 2 mental institution?

The reader could well ponder a moment on possible answers and moti-
vations, It would then perhaps be of interest to compare your own con-
clusions with Cram’s suggoestions and reasoning, of which we give a
slightly summarized version in Box 9. 6. Wec do not maintain, obviously,
that Crarn’s suggestions arc nccessarily better than the rcader’s! It
dcpends on the speccial purposc of the teaching, the special group of
students onc has in mind and the concrete form the flow model takes,
whether onc or other type of model will be most cffective for a given
subject arca. In other words, it is not necessarily the subject which
determincs the flow model. But in the choice betwcen different models,
the subjcct naturally plays a large part, and the points of view put for-
ward by Cram can perhaps be summarized thus:

() If the subject matter has a very fixed structure and consists
mainly of facts, definitions and basic skills founded on such facts and
definitions, a linear appronch is natural, Many mathematical subjects
are examples of this, The cxample given above ('"How to find the square
root of a number") is a case in point,

(b) If the subject-matter contains a great many comparisons, assess-
ments and opinions, i. e. matter apart from the basic facts and definitions,
the branching technique is often very suitable. It is easier in a branching
program to work from the student’s previous understanding of the sub-
ject and to deepen and/or correct it. The comparative discussion of

various psychoanalytical methods mentioned above is an example of this.
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(c) If the subject matter most relevant to cach individual student
varics within the framework of a larger arca of subject matter, the
branching technique can quickly lcad the student’s reasoning to what
is reclevant to him personally. An cxample of this is the subject about
housechold budgcting.

(d) If the matcrial is suited for trcatment in a personal way or in
the style of popular journalism, thec frcer branching techniquce is often
suitable, It allows morc casily for personal commentary and author -
student interaction on a basis of individual rcactions. The above-men-
tioncd example ""Should you be in a mental institution?' might illustrate

this typec.

9.5.2 On ihe Basis of Torminal Bechavior Characteristics

Unfortunately the question of the "flow modcl' has oftcen in discussion
become too closely bound up with the type of responsce vcaction. The
reason is, of coursec, that many branching prograr~s have for practical
rcasons uscd multi-choice alternatives. This is certainly truc of the
wcll-known Crowder programs. Even if the connection as we have point-
cd out above is not logically nccessary, it must be taken into conside-
ration, sincc it is such a usual and simplec onec.

It is quitc casy to find criticisms of the multi-choice technique. We
have already refcrred to some of them in passing when we were dis -
cussing diffcrent media of prescntation. The following criticisms arc
among thosc most frequently directed against the alternative choice
mecthod: (2) The stadent can be tempted to gucss without thinking out the
problem, (b) The knowledge registered is of a fairly passive kind. The
activity he engages in can casily be superficial. It is so easy to tick
an alternative or precss an answer -button. (c) The correct answer can
be obtained by means of elimination. That the student has climinated
a couplc of obviously wrong alternatives, does not nccessarily mean
that he has understood the correct answer. The likelihood of being
correct is often "unnaturally' grcai. A lucky guess or elimination also
prevents the student from gefting the benefit of the crror trcatment
which would otherwise usually act as a corrective. (d) The continual
rcading of plausible incorrecct alternatives can reducce learing effec-
tivity. If we work with five alternatives, the student reaus four times
as much incorrcct information as correct information. This can lead
to unnccessary confusion for some students, at least in the carly lear-

ning phascs before knowledge is properly absorbed. (c¢) The usc of the
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multi-choice technique can in certain cascs also have a negative sidce-
effect on the work of constructing the program. As thc constructor
thinks that hec has guarded apainst error rcactions from the student
(by crror trcatment), he is perhaps less inclined to test the program
cmpirically, to make crror analyses ctc.

Can the multi-choicc technique be justified, in spite of objections
of this sort? A study of the charactcristics of the terminal behavior
can be onc deciding factor when answering this question. In many cases
we prefer a morc '"spontancous'’ solving of a problem as the behavior
in the terminal situation. If 50, it is also natural to makec the same
type of demand in the teaching situation. Not to demand a "sclf -con-
structed' solution in such a casc often mcans setting too low a tar-
get. In other cascs, however, it is sufficient for the student to recog-
nize the correct altecrnative. For example, a doctor who rcads a cardio-
gram should be ablc to distinguish between healthy and unhealthy curve
pattcrns, but he nced not necessarily be able to draw them. In other
words, in cascs where ability to distinguish betwceen different com -
plexcs of stimuli is central (discriminatory lecarning), thc multi-
choice techniquc is admissible and natural.

It should pcrhaps be added, that the multi-choice technique in some
instances only supcrficially indicates an inimediate choice procedure.
In some cascs, for examples, the solution rcquires that the student, in
order to be able to make his choice, first constructs a solution (as
when dcaling with more complicated proklems of calculation). In those
cases, the difference between both types of response should not be
particularly great, and the risk of the student’s remembering some of
the incorrect answers is minimal. A

Two things should, however, be borne in mind by the constructor.
Firstly, there is nothing which says that a whole program must consist
of multi-choice alternatives just because it is practical to use multi-
choice altcrnatives in the checking didules (so that branching can easily
be introduced in certain scctions of program). Therc is nothing to prec-
vent multi-choice questions being uscd at particular points to channel
students into separate strcams, while questions which demand self-
constructed answcrs (taking into consideration the type of terminal be-
havior) arc used in the other parts of the program. Seccondly, it is quite
possible to introduce branching on a basis of sclf -constructed answers
(even if in some cases it can be less practical). A student who has given

incorrcct scli ~-constructed answers to two or thrce questions may be
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branched off, for example, to a remedial scction. One who has an-
swered a couple of spccially difficult questions of the conatruction type
correctly can skip a scction. Onc who gives a certain typc of answer
is dirccted to a special review, and so on. It should be obvious that
thesc branching possibilitics based on constructed answers exist, but
the fact has sometimes been forgotten in the heat of the discussion

for and against the special Crowder technique,

9.5.3 On Thc Basis of the Characteristics of the Target Population

Although the type of subjcct rnatter and terminal behavior arc impor-
tant facts to be considercd in choosing the '"flow model', the most sig-
nificant factor is usually the charactcristics of the group of students.

If the target population is homogencous as far as previous knowledge,
intelligence, cxpericnce and interests are concerncd, it is often natu-
ral to work with lincar program. If it is markedly heterogencous as

to precvious knowledge, checking didules should be inscrted at an carly
stage in the course material and '"rer ~cdial courses' given to thosc who
lack thce knowledge to procced dircctly to the main matter of the course.
If the group is very variable in intclligence, it is perhaps a good thing
to insert, in certain sections, parallel branching with greater or lesser
density of information. If there arc subgroups with special experience
and intcrests, onc could similarly usc branching te illustratc a parti-
cular problem from a varicty of pcrsonally relevant viewpoints. Pro-
cedure in these and similar cases has alrcady been outlined in dealing
with the various models.

In this connection, however, wec should urge caution. If onc has ob-
served that the group of studcnts is heterogeneous and has for this rea-
son introduccd branching, onc can somectimes be tempted tu go too far
in this dircction and so do unneccssary extra work, This is perhaps
nct so truc when it is a question of spccial previous knowledge. In that
casc it is often a fairly simple mattcr. Either the student has the prec-
vious knowledge and does not nced to be taught it, or clsc he has not
and must work through a special section. But the risk is more obvious
when it is a question of diffcrent levels of intclligence. Although it is
often quite true that a morc intelligent student may go successfully
through the program using fewer steps, it can sometimes be just as
well to let the more intelligent go through every task all the same. The
learning process is often morce stable in this way and the time gained in

performing fewer tasks in anyhow often minimal.
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Box 9.6 Motivation for choice of "flow-model"
(after Cram, 1961, p. 65; cf. text above)

Here is the style I would consider {irst:

1. Household budgecting, I would usc a branching program, be-

causc the rules for budgets vary with income¢ and nceds and

therefore arc not suited to a restricted linear approach.

2. How to mount a butterfly. This sungests a lincar approach,

sincec the procedurc is fixed and would be memorized.

3. How to find thc square root of a number. Again, [ would try

a linear approach for the samc reason as in No. 2.

4, Methods of psychoanalysis. Here it would depend on whether

it is a tabulation or & comparative discussion, In the first
casc I would try a lincar approach, in the second 2 branching

technique,

5. Should you bec in a mental institution? One could have a lot of

fun with this onc - a branching program could consist of situa-
tions and a variety of ways of rcacting to them, cach branch

leading closer to a sclf-imposed diagnosis!
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9.6 PREPARATORY STRUCTURING OF SUBJECT-MATTER

9.6.1 General Viewpoints

Some early empirical studies (such as, for example, Evans, Glaser &
Homme, 1962; or Roe, 1962) showed that in general a carefully
established sequence of subject matter can be instructionally more
effective than a less carefully established one. But, in a way, this is
self-evident, However, what we have little empirical knowledge of is
which type of sequence arrangement is instructionally most effective
for different purposes.

Most educational psychologists would nevertheless agree on sonie
very general formulations about sequence of subject matter: (1)
Complex concepts are usually built up of simpler concepts, and more
complicated relationships often represent a combination of simpler
relationships. Therefore a logical progression from simpler to more
complicated phenomena is normally cducationally more effcctive when
it is a question of training a student to master a range of concepts.

(2) Distributed learning oftcn means longcr retention, and integration
and gencralization arc made casier if the student has the opportunity

of working with a certain scction of subject matter from diffcrent points
of view and putting it in rclation to a scrics of other subject arcas. It
is thercfore often an advantage to usc a '"'spiral" scqucnce (cf. Glaser,
1962 a), in which one deals with tl;c easicr scctions of scvcral parts of
the subjcct matter before the morc diufficult sections of the samece parts
(as outlined very schematically in Figurc 9. 10),

But although we can pcrhaps agrcc on such relatively gencralized
principles, we know too little about how to translate these principles
into concrcte arrangements. Wc arc in many cases unccrtain as to
how far individual variations arc important here. Morc applied lecarning
research of a specific typc would probably be useful here. It could be
helpful to study the working scquenccs chosen by experimentces them-
selves when they have been informed of the terminal behavior the course
is intended to teach., The experimecntees should then be allowed to make
their own decisions cn the learning situation and to 'stcer' it sequcnce.

In certain cases such experiments are naturally not very fruitful,
since students without previous knowledge of and with little interest in
a particular subject area will probably often use a planless trial and
error technique. Experiments with "student-steered' learning can pro-
bably never be a sufficient source of information, But they are definitely
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Figure 9. 10 Schematic outline of didactic “'gpi+al progression"

"Simi)le difficulty progression' means that the student, in each
separate part of the subject matter (A, B, C, etc.), goes from easier
to more difficult tasks: steps a, b, ¢, d, and e. The single arrow
shows such a sequence.

""Spiral progression' means that the student goes through all the
requisite part areas (subject matter areas) at.a low level of diffi-
culty before going on to a higher level of difficulty: steps (a) to (j).

This form of procedure is indicated by the double arrow.
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worth trying, as far as rescarch is concerned, taking into account the
fact that most didactic expcriments have becn started in a very ''dicta-
torial" way, with a number of rough-hewn typces of scquence handed out
by the lcaders of the projcct, and their effectivity asscssed aftecrwards
by the average result. Programmed tcaching is, of coursc, adapted to
the students to a much grcater extent than most conventional tecaching
metods, as the programs arc rcvised as a result of empirical ex -
perience, But it would be cven morce adapted to the student, if the con-
struction of the program could be influenced by the student at an carlier
stage. This would presumatly be vscful both for the individual coursec
and for our knowledge of basic tcaching principles. Onc of those who
have experimented along these lines is Mager (cf, Mager & Clark, 1964).

But cven if the programmer does not at prescent know as much as we
would likc about the instructionally most suitablc sequcnce of matcrial,
he is forced, like the lecturcr, tcacher and textbook writer, who are
all faced with the samc problem, to comece to a decision about scquences
and to do so from thc best possible hypotheses. We have alrcady dcealt
with a number of the relevant viewpoints in this chapter. The question
of scquences pursues the constructor through scveral stages of his
work and crops up in the following forms:

(@) Precparatory macro-scquence. The constructor must at an

early stagc make up his mind about :suitable flow modcls and thc main
sequcnce of the total subjcct-matter. The has been the main subject
of the present chapter,

(b) Micro-sequences. During the actual writing of the program a

largc number of micro-sequences must be built up, within the frame-
work of the main sequence, for the successive lcarning of single con-
cepts and functions. This proccdurc will be touched upon in the next
chapter,

(c) Recvision with spccial regard to scquences. After the first de-

tailed work it is often advisable to carry out a series of checks re-
garding sequences: Have we sufficient and suitably spaced repetition ?
Have we provided for continuity? ctc. Qucstions of this kind will be
discussed separatcly.

{d) Revision of scqucncces during the try-out phasc. The constructor

naturally gets some idea of the cffectivity of the sequence arrangement
during the successive empirical try-outs of the study matcrial on typi-
cal representatives of the target population. Re-arrangcement of se-

quences may then be necessary because of error analyses and analysis

of final results (cf. separatg discussion).
]
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9.6.2 Somc Examples of Concretc Aids

Transformation and completion of the 5-list and the C-catalo .c:

'"Basic text!, ''didactic statements' and "examples'. From the ana-

lysis of the subject-matter we obatined a C-cataloguc ( a collection of
fundamental concepts within the subject area) and an 3-list (a collection
of "statements' about the concepts and their mutual relationships), The
constructor can now "translate! thcse concepts and statements into a
connected "basic text", i.c, a very bricf, but complecte text ('con-
densed textbook'), This gives the constructor one starting-point for

his further construction work, At the same time it might be used for
ccrtain analyscs of "information amount' and "information increase'
(which we will not deal with in detail in this context, cf,, however,

c.g. Weltner, 1971). Such 2 'basic text" may, of coursec, take on va-
rious forms. It might be given a fairly "taraet-frce' character, wherc-
by the emphasis is upon brici, complete information, written without
considcration of any particular targct group. But it might also be given

a "tarpet-directed!" form. In this casc the purposc is not only to get

a connccted text, but to "translate' the concepts and statements (from
the C-cataloguc and S5-list) into "didactic statements' (DS), i.c. pre-
liminary form ulations morc suited to the age and cxpericnce of the
particular group of students. Thesc should contain 'critical words!
which can be regarded as the kernel of the new information, around
- which the student’s responsc in the didule should center. The individual
units of information in the next stage of work can then be constructed
using thesc "didactic statemicnts' as a basis. In this case, it may
sometimcs be unwise, however, to complete this target-dirccted basic
text (or DS-catalogue) at onc time (especially if we deal with a very
large subject-matter arca), since one can get into the habit of making
formulations in certain ways, which imay not be practical bases for the
writing of didules, It can thercfore be advisable to work out only a part
of this catalogue at a time and then try to translate that into didules be-
forc going on to develop it further, At this stagc it is also dcsirable to
collect numerous and varied "examples" of the main didactic statements,
Didactoplan. Each main scction of the planned course contains seve-
ral ''didactic statements'. The order in which thesc are to occur must
bec preliminarily established. It is natural at the same time to indicate

possible branching as the course progresses, It can be valuable to

illustrate this more detailed structurc diagrammatically, We then ob-

tain a relatively detailed flow-chart, which could be called a "didacto-
F TC plan', The working .sequence is indicated by arrows. It is perhaps as
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well to differcntiate between those didactic statements which everyone
could be cxpccted to hiindle in the same way ("'the main course'), those
which will supplied to certain students only (extra or remecdial courses),
and those supplicd in diffcrent ways to separate groups of students
(parallel courses). Various gcometrical symbols can be uscd, e.g.
circles for "common'" units, triangles for specially directed units, and
squares for units which vary in form for different groups of students.
(The chart thus obtained can, in addition to its function of assistance
in the writing of the program - aftcr due revision and additions -~ be
used as a basic scheme for mapping the students” rcactions to the
coursc; cf, separate discussion below. )

The DS-catalogue (or targct-directed basic text) and the didactoplan
will be the direct starting point for the working out of the concrete de-

tails, which can now be started on.
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10. WORKING QUT INSTPR.UCTIONAL UNITS: INFORMATION COMPONEN"

10.1 INTRODUCTION: COMPONENTS AND TYPES OF DIDULES

As we have already had reason to point out, in many self-instructional
materials the "instructional unit" is characteristically made up of
three main components: the presentation of new instructicnal information,
the response request and the result indication. Our task now is to
examine more closely a number of problems that arise when the
designer of the material proceeds to transfcym his preliminary plans
into concrete instructional units. We shall study each of these main
components in turn.

We should, however, emphasize at the outset that the designer
is by no means tied to working out a didule of this special three-
component type (stimule + respule + corrule) even if this still may be
the most common kind and in its pure form often exemplifies the
problems that may be encountered in the self-instructional teaching
situation. In other words, we can regard the three-component didule
as a natural basic pattern which we should, however, be free to modify
in various ways. This may apply to both '""‘shortened' and "extended"
didules (cf. Figure 10.1).

"Shortened' didules, for example, can consist of instructional units

without the corrule-component. In certain cases we may consider any

separate result indication unnecessary, since the program is of such a

type ‘that the student is8 more or less certain to answer correctly anyway.
Or by way of experiment we may wish to test the effect of various
feedback patterns (in which the answer to certain sections is given but
not to others). In other cases the ''shortened' didule may lack any

request for an explicit response. On the basis of a special test we may

sometimes consider the implicit reaction to be equally effective and at

the same time quicker. Didules that lack any proper new instructional

information are quite common and with new response requests serve
to consolidate further previous information.

On the other hand "extended' didules introduce new types of

components. At present the most common additional components seem

to be those that contain (a) a special instruction to the student (to move

about in the program in a certain way, to study certain rmaterial outside
the program, to operate his apparatus in a particular way or similar),

or (b) an imitation requeat (the student is to repeat the answer in order
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to consolidate it further in his repertoirc).

Instruction components are common cspecially in certain types of
branching program, for example in the interplay between student and
computcr. In linear programs explicit instructions 2.rc rather rare during
the course of the work: of course, thc end of every exercise implics in
some ways an instruction to go on further (to turn the knob or something
similar). Imitation requests occur above all in thosc types of program
where the border-line between a corrcct and an incorrect answer is
less distinct (with the possibility of thc continuous variation of "better
and better'' response reactions) and where the extra imitation stage
therefore offcrs the opportunity of ""polishing'' the response bchavior
further. Wec probably find the most typical examples of this in language
programs of thc kind presentcd in our language laboratories.

A very common language laboratory didule (twin-track arrangement,
cf. Figurc 10.2) consists of four components: (2) stimulus matcrial on
the teacher’s track, (b) responsc rcqucst, marked by an instruction +
pause or simply a pause on thc teachcr’s track (at which the student
reacts on the student’s track), (c) a modcl response given on the teacher’s
track as fcedback together with (d) an imitation request, marked by a
pausec on the teacher’s track (at which the student repeats the model
responsc on the student’s track).

It may bc worth mentioning in passing that a ''didule" ("'instructional
unit') in the scnse indicated here docs not necessarily involve
simultaneous presentation. The didule is the program’s contribution to
a fundamental interactive unit: an intcraction between the instructional
material and the student, having a distinct initial-final character (the
unit begins with the presentation of thc information and the task,
continues with the student '"returning'' his answer and most usually ends
with the fccdback of the program in the form of result indication). This
instructional unit usually, howcver, corresponds to two prcsentations:
as a rulc componcnts I and II are presented first (cf. Figurc 10. 1), and
then eithcr component III on its own or components I + II + III together.
The term 'frame' has sometimcs bcen used in the sensc of '"simultancous
presentation' (a sensc which, after all, is closest to its basic meaning),
and sometimes in the sense of "didule'. This varying usage is, as was
indicatcd above, one of the reasons for avoiding this tcrm and its
closest cquivalents in other languages. A concrete illustration of a

didule with a typical two-stagc prescntation is given in Box 10. 1.
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An instructional unit

in self-instructional material: Student reactions:

I. Information component| Perceptual and cognitive
("'stimule!) > processes

II. Response request . :
("respule") —-——> Intermediary processes

\s

<—_ Response bchavior

III. Rcsult indication

o rison pr -
("corrule") —% Compa proccsses

IV. Imitation request Int di -
(Mimitule ") ____> ntermediary processes
|

&—————| Imitation bchavior

V. Speccial instruction ~ .
(Vinstrule') e Intermediary processes

v

«<—— Resulting bchavior

Figurc 10.1 Outline sketch of some part-components in an
"instructional unit' (didule) in interplay with a
student.

(Components I-III are fundamental, while components IV-V only

occur in special contexts.)
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TRACK 1 Stimulus : Instructiont+pausc : Key answer ‘Pause
(model track) |material | or only pausc i ("corrule") !(“imitule")
: ("stimule") ' ("'respule") I |
. , !
" i ll i
; TRACK 2 | Student’s ' 1Student’s

(student’s | response \ limitation

track) ! | :

! 1 1]
Phase 1 | Phase 2 ! Phasc 3 {Phasc 4

Figure 10.2 A typical four-phase didule in language instruction (twin -

track arrangement).
Example:

The student’s task is to put in "ne ... que'' in affirmative French

sentences.

; Phase 1: Nous lui donnons 100 francs par mois.

‘ Phase 2: Nous lui ne donnons que 100 francs par mois.

Phase 3: Nous ne lui donnons que 100 francs par mois.

FPhase 4: Nous ne lui donnons que 100 francs par mois.

The student makes a mistake in his first response (phase 2), after
which the answer (phase 3) is drilled in by the student rcpeating it
(phase 4).
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units.

Box 10.1 Example of a didule, divided into two prescntational

Presentational part A:

11.

According to the National Board of Education’s 3 I

rcgulations the following applics to the sizc of . Information

the school site: f' section

"The size of the school site must be calculatcd.

on the basis of 1000 sq. m. per class when the .

school premises are developed to their maxi-

mum. In the central parts of towns the arca !

can be reduced 1o 800 sq. m. and if the site

is in or by a park, thc usc of which can be

grantcd to the school, to a minimum of 600

sq. m. per class. For schools in towns in-

tended only for the junior stage a sitc arca

of 500 sq. m. pecr class is accepted".

How large a school site should be calculated II

according to the National Board of Education’s Response

directions for a school with combinc< junior request

and intermediate stages in central Malmé,

which, when fully developed, is estimated

to take 30 classcs?

Answer: ..., 00 Cae s esetre s e

Presentational part B:

Correct answer: 24,000 sq. m. III

If you answered corrcctly, go on to cxercise ifisiz]:tion

15. If you answered wrong, go to cxercisce

2. v
Spccial
insiruction
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10.2 THE PROBLEM OF STEP SIZE

One of the most persistent réfrains in the programmers’ message has
been the advice to work in "small steps'', The principle of "small steps"
.is considered to be one of the very pillars of programming. Both
theoretical reasons and empirical results suggest that there is also
much truth in this. Smaller steps mean, among other things, a better
focus on what is essential, morec possibilities of activating the student,
‘and greater ease in ordering suitable sequences.

What is correct as a main principle should not, however, hide
the fact that in the discussion on prograraming this demand is more
often made with parrot-like persistency that with analytical clarity
and precision. What exactly is meant by "emall steps'? How does one

distinguish '"'small steps' from "large steps'? In other words
how docs one measure the size of a '"step"? When challenged thus,

the advocate of ''small steps'' will sometimes begin to falter. In any
caee it i8 e2.sy to find in specialist literature widely differing
opinions cn how to assess what '"small steps!'are. It should be of
advantage for the discussion if the existence of these alternative
possibilities of assessment were more generally recognized and it
were explicitly stated which of the possible points of view have been
adopted in any particular case.

It may perhaps be wis~ to distinguish between "apriori''-criteria

and "aposteriori''-criteria. The former represent view-points which

can be applied to the program material as such without first studying
individual students’reactions. The latter, one the other hand, are based

on an empirical assessment. "Apriori''-criteria can in their turn be

divided into two categories, linguistic-formal and conceptual-psychological
assessment types. Let us take some examples of these various types of
agsessment.

(2) The number of words presented to the student in the didule is

perhaps one of the most clear-cut linguistic-formal bases for assessment.
Quite plainly the abundance of words in the units of the Crowder

program is one of the reasons why most reviewers say that Crowder
works with "larger steps' than Skinner. Crowder’s stimule and respule
phasc as a rule takes up nearly a printed page, while the corresponding
components in a typical Skinner didule take up only one or two sentences
(for example, one stimule scntence and one respule Sentence).

(b) The average length of response expected from the student is

perhaps a somewhat less common,. but quite feasable basis for assessment,

El{lC a5
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An exercise which demands that the student shall write down ten termns
that are used in a certain ficld is, in a certain sense,; obviously "larger"
than one that only demands that the student shall tick one of ten given
terms, thce one, for instance, which does not belong to a particular
field, even if the quantity of words presented to the student in the

didule is larger in the second case. The assessment can, however,

still be made on purely linguistic-formal premises.

(c) The number of rcsponse requests in relation to the number of

new concepts or in relation to the number of new statements about

concepts. It is evideat that, when starting from a given number of units
in the C catalogue and S list (cf. the section on subject-matter analysis
above), one can construct a comparatively small or large number of
didules. The more didules one has made, the smaller, in a sense, the
steps must be. This is, then, primarily an example of a conceptual-
psychological criterion. In this connection we should be able to speak

of varying degrees of '"concept density' (or more generally "information
density''). When, in empirical expcriments, the effect of the size of the
step has quite simply been studied by starting with an already existent .
program and eliminating a certain number of didules from it (presumably
those that do not destroy the sequence too much, i.e. review items

and practice items) and then comparing the educational effect of the
longer program (with '"smaller steps'') and of the shorter program

(with "larger steps''), it is precisely on "information density' that the
size of the step has been assessed. (Incidentally, these experiments have
as a rule shown the advantage of comparatively srmall steps - in this
scnse - for the learning result, The longer program has, in other words,
often been more effective with regard to the level of knowledge. But at
the same time it has sometimes - but not always ~ taken more time,
which makes the overall results somewhat less distinct. )

(d) The number of stages in the intermediary process between

perceived response request and final response behavior. Usually we

do not with any certainty know very much about what the intermediary
process looks like in individual cases. It is, however, casy to

establish that certain demands on the intermediary process are
appreciably smaller than others. Sometimes it is a matter of the student
just "copying'' given information: repeating a phrase in a language
laboratory, for instance, or writing down a new term. In other cases,

however, a long series of intermediate activities have to precede the
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final response, as, for example, when the student’s task is to solve a
complicated mathematical problem. The more complicated the
intermediary processes are, the larger, in a sense, is the step which
the student is to take.

The four examples just given are all of the ""apriori' type. Let us
also give some examples of "aposteriori'’ assessments.

(e) The average working time of the student group per didule. The

faster the students rinish a didule, the smaller, in a sensec, the step
can be said to have been.

(f) Frequency of mistakes. When Markle et al. definc a small step

in the following way: ""A small step is a step toward mastery that the student
is capable of taking without making errors' (1961, p.10), they obviously

go entirely by the occurrence of incorrect answers, and they also

scparate large steps from small ones on an all-or-nonc basis. A small

step is a step which the student is able to take; a large step is a step

he cannot take.

(g) Reduction of mistakes after the addition of information. An

intercsting, but rather speccialized interpretation is offered by Bjorkman
(1963) when ke asks himsclf whether by small steps is mcant tasks

with low emr.rical information value (small reduction of uncertainty).

In order to assess this reduction of uncertainty one ought to investigate

whether the student can give the correct answer to the responsc requests

before the information section of the didule has been prescnted, and

similarly whether he can do this aftci the information scction has been
presented. Tasks in which the difference between the frequency of
correct solutions before and after the presentation of information is
small may be said to imply, in a sense,small steps. In this case we
can speak of small steps on the onc hand when practically cveryone is
able to solve the exercisc in advance, and on the othcr hand when
practically no one can solve the task afterwards. Even if the suggestion

that we snould study the probability of the problem being solved

before information is given, is in itself intcresting, it is fairly evident

that as a2 rule the programmers do not use the term in this sense.
For if you use the definition discussed by Bjérkman, the best-designed
programs obviously prove to consist of maximally large steps!

For the sake of illustration, let us look at our cxample of a didule
in Box 10.1 above. Reasonably enough most people answer the question

correctly. So according to Markle’s conception mentioned above -
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which is probably representative for several programmers -
we are dealing with a small step. If, however, wec first tried out
the exercise without the information section and only asked how large
a school site should be reckoned to be according to current recgulations
for a school of the type quoted, in typical target populations (without
previous special knowledge of school building rcgulations ctc. ), we
should probably reccive extremely few correct answers. (We would
otherwise have either recmoved the exercise after our first try-outs oxr
included it in a "special branch'.) Thus the ''reduction of uncertainty"
is likely to become large (perhaps from nearly 0 % corrcct answers
before the presentation of information to nearly 100 % correct answers
aitcr the presentation of information). So according to the definition
discusscd by Bjorkman, our students have taken a large step. (Ci.
further our discussion below.)

Therc is obviously an intercsting field for research here: what
is the empirical relationship between the various types of assessment
of the sizc of the step, ard what is their relationship to final effectivencss?
Can a ccrtain combination of assessments ultimately be shown in an

empirical way to be particularly significant for instructional purposes?
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10. 3 THE PROBLEMS OF PROMPTING

10. 3.1 General Character of Prompting

As we had reason to point out abov\e (chapter 2), different types of
stimuli occur in a teaching situation: focal, correlative, and unsyste-
matic ones. Focal stimuli represent the central information which we
wish the student to acquire. Correlative stimuli are of a '""concomi-
tant! nature. They are not intended to be drilled in but can illuminate

the focal subject-matter and make it easier to learn, Unsystematic

stimuli are various kinds of influence from the environment or in
the subject-matter that can be classified neither as focal nor as
correlative.

The effectiveness of the information component of the didule depends
to a large extent on a suitable dosage with these types of stimuli. Most
didules should contain vital focal stimulation - but no morc than the
student’s attentiveness can cope with, Furthermorc, the didule should
contain as few uﬁ"systematic stimuli as possible, All superfluous mate-
rial that serves no,S specific educational purposc should be removed.

A modcrate dose of '"corrclative' stimuli, on the othcr hand, is often
valuable. These correlative stimuli not infrequaently have the character
of "hints'", i, e. stimuli that makec the corrcct answer more likely.

Historically speaking, thc cxtreme frequency with which many pro-
grammers use the hinting technique or prompting is connected with
Skinner’s theorics on behavioral shaping through the gradual rcin-
forcing of certain elements in the alrcecady existent bechavioral reper-
toire. The skilful animal traincr '"shapes' the animal’s behavior by
rewarding the animal when it comes close to 2 movement that makes
up an clement in the desired behavioral chain. By systcmatically re-
warding all desired behavioral clements one can gradually produce
the entire bchavioral scquence desired: the pigcon learns to walk in
a figurc - of - eight or to pick at tangents in a certain pattern. When
these ideas were transferred to the programming of verbal material
for human beings, it thcrefore scemed rcasonable to regard as justi-
fied all stimuli that makec the desired reaction likely, Once one has
produced the correct reaction, one can in fact "reinforce" it and
successively bring it out by more adequate mcans,

The point can also bc formulatced as follows: The student’s termi-
nal reactions must of course be given in their proper contexts and on

the correcct basis, But when one begins to teach the student the reaction
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in question, one may be satisficd with his being able to copy (repeat
orally or copy out in writing) the correct answer, or with his being
able to supply it when onc has given him a start or with his being

able to supply it in a contcxt that is approximately right, Let us take

an example from the world of the infant, Naturally one wants the
child to be ablc to say thc word '"gec-gee'" when a horae is recally
there. But at first the mother andfatherare excecdingly proud if the
child can producc the word ‘'gec-gec' at all by mimicking, or when
it uttcrs a happy ''gcc-gcce' after the .nother ha. i en it a start with
an encoraging ''‘gee,..'". It is also great fun when the child starts
to point at ccrtain moving objccts - whecther they are dogs, cats or
horsecs - and call them ''gecc-gece', But in the end onc wants , of
course, a morc corrcct and precisc terminal rcaction, Thecn ''gee-
gee' has to bec a horsc and nothing else.

In programmecd instruction (as of coursc in other tcaching) wc can
often obtain in abbreviated form this gradual process of shaping and
beccoming more accurate which we obscrve in the child’s way of
dcaling with our conventional world of symbols. When we want to
teach our student a new, difficult term, we may perhaps let him
just copy it using a model within his field vision, Then wc may ask
the student to remember it - at lcast from mne didule to another and
if we give him a start, Wec gradually teach him then to use it correcct-
ly, to start with in almost sclf -cvident contexts (where the logic of
the context docs not allow many altcrnative solutions), but later in a
more indep‘cndent manner. All the technical moves we cmploy in the
early stagces of the lecarning process in order to make it casier for
the student to produce the correct answer rcactions (whether we do
it by mcans of morc formal tricks as in nursey rhymeces, »r by means
of rather more logical aids) may be called by way of summary "hin-
ting techniques" or “"prompting',

Threce main rules may be wort remembering when using these

aids: (a) Do not give more prompting than necessary! (b) Whencver
possible choosc logical and mcaningful hints rathcr than formal and
mechanical prompts, and avoid mcchanically repeating the same type
of hinting technique! (c) Do not assume too much previous knowledge
and too large a common background of experiencc when selecting

illustrative prompting!

o)
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10.3.2 Thec Problem of Over -Dosing Prompting

The first rulec mentioned may scem celf -evident, but the fact is that

prompting has often been rcgarded as such an integral part of pro-
gramming technique that ccrtain program writers secm to usc spe-
cial hinting procedurcs as a2 rcgular work-routinc whether it is called
for or not. Thus thcere arc a number of programs that keop on and on
informing the student which letter his answer-word begins with (or
ends with) or how many lctters it contains without the programmer
seering to have really investigated whether all thesc hints are ne-~
cessary. As a rule it should be advisablc to use only 2 minimum num -
ber of hints in the first version of a program and then to incrcasc the
hints only to the extent that thc first cropirical tests show to be ne-
cessary (for cxample, on account of a too high percentage of mis-
takcs in certain exerciscs), Admittedly, it is casy by constantly
giving hints to guarantec & low percentage of mistakes, but the latter
is no cnd in itsclf, A too rcgular usc of hints may accustom thc stu-
dent to a passive attitude in his studics and/or to a distorted kind of
attentiveness (concentrating on the '"form'" of the instruction rather
than its ''contents'') so that therc may also be a risk of the overall
benefit diminishing,

Onc way of not over-dosing thc prompting can be to individualizc
it in such a way that the student first receives the opportunity to give
his rcsponsc‘ rcaction without prompting. A hint is introduced at a
sccond stage. If the student docs not succced in answering correctly
the first time, hc can usually manage it the second time. But if he
has already answecred corrcctly, he does not need to bother about
thc hint, but can go on to thc ncxt cxercise. This two-step technique
(with no prompting until thc sccond step) can be built systematically
into a program and machinces have even been specially designed for

simplifying a two-step prcsentation of this kind (like the Didak 501'),

10. 3.3 Formal-Mechanical vs. "Thematic' Prompts

As our sccond rulc suggests, over-dosing might well be particularly
objectionablce if it is a matter of formal and mechanical hints, Thecse
mecthods include underlining the most important words in the informa-
tion scction or stressing thesc words in some other way by, for
example, printing them in italics, using capital letters or placing them
in inverted corrmas, 3pccial techniques of this sort arc not in them -

E TC selves objectionable, ofsciurse. Indced they arc somecetimes particularly

Aruitoxt provided by Eic:
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effective as focusing aids. But if such a procedurc is used as a matter
of routine so that the important words that the student is to reproduce
in some form in his response are underlined in didule after didule,

thc risk arises that the student will quite soon adopt a special approach
to the answers which is irrelevant to the subject-matter ("The idea is
obviously that I arr meant to fill in the words that are underlined in

the text. ') A response technique of this kind may give him many
correct answe1 but little knowledge.

Programmers sometimes tend to show with some delight how it is
possible to produce correct answers from a school child in very compli-
cated ficlds that the child was not familiar with before. It is fairly ob-
vious this is possible if onec uses a hinting technique of this kind, but
little is gained after all if one receives a correct answer which is
not accompanied by increased knowledge or understanding. A very
drastic example may perhaps make this plain. Read the following

"complicated" exericise and try to fill in the right answers!

Example 10, 1

The longer you let the TABLATE dismeliate in hexicave dacranec, the
mor c difficult the adclosion of the plasylenc becomes.

In order to facilitate the adclosion of the pl..... nec it is therefore
advisable not to let the T,.... E dismeliate in hexicave dacrane for
too long,

As in many programs the student’s task is to fill in the missing words.
First and foremost the first and last letters arc given as hints, In addi-
tion the key-words are specially indicated (by capital letter. and ita-
lics respectively). Did you succeed in solving the exercise? The
correct answer should recad, as the reader has of course scen, as
follows: "In order to facilitate the adclosion of the plasylene it is there-
fore advisable not to let the TABLATE dismeliate in hexicave dacranec
for too long. ' Fine! But did uou understand anything contained in the
excrcise? There is every reason for your not having understood it
since the sentences are strings of nonsense words,

This fact that one can perfectly well supply 12 correct answer with-
out gaining any knowledge if the hints are too obvious should stand as
a warning. We must beware of teaching our students to answer mc-
chanically or on an incorrecct basis. The habit of mechanically
following hints instead of using critical reflection is after all the very

opposite of what most of us want to teach. We do not want conformistic

02
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puppets that have learnt to respond according to a mechanical pattern.
Instead we should try to promote critical thinking, power of combina-
tion and curiesity. But is it at all possible to achieve this with pro-
grammed study-material? ] belicve that one cando it, but I believe
that it is very important to fight the frequent tendencies towards the
mechanization of program production according to certain trade
routines. Included in these trade routines are quite obviously the so-
called "formal prompts', the mechanical and formal hints which may
v sometimes be justified, but which should never become a standard
. technique used in a routine way time and time again., This in no way
has to mean that prompting is rcjected altogether. It only means that
one preferably chooses hints of a more meaningful character (some-
times called ""thematic prompts'), hints that make use of empirical
illustrations, analogies and logical connections instead of mechanical
and formal tricks.

The following simrple example adapted from a physics course illu-

st.ates this kind of more meaningful prompting:

Exarmrple 10, 2

Now that we know that most metals expand or contract according to
changes in temperature and that the oscillation rate of a pendulurnr de-
pends on its length, we can cexpect that if there is 2 very great drop
in temperature a pendviumr clock ........ et e e NN

sz - g1 Tt e s e = < T
TR, LTI T g b

The two facts mentioned by way of introduction have presumably

- Rada Ty

been taught previously. But in the special exeicise the student is guided
5 by logical prompting towards actually making a small ""discovery' him-
self. Exercises of this type oftcn lead to both better working technique
(familiarity with logical and critical thought) and greater satisfaction.
The degreec of difficulty has, of course, to be adjusted to the students’
knowledge and other background factors for we arc naturally anxious

that the student will really succeed with the oxercise. We check this

point especially in the test phasc. If an exercise proves to be too diff-
cult, we must take the prompting more obvious. The exercise quoted
above about the pendulum clock becomes easier if, for example, we

describe the background facts in greater detail and if we stite more

digtinctiy the alternatives which the student has to choose between:
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Example 10. 3

We know that most metals expand when heated and contract when cooled.
We also know that a short pendulum swings faster than a long pendulum.
How is a pendulum-clock likely to be affected when there is a very great
drop in temperature? Will it become too fast or too slow?

Answer: It will BECOME 4 o v vt it it ittt it ittt e it e e te e eaa e

The exercise has now become casier without our waiving the rule that
it is preferable to work with logical rather than with iormal and mecha-
nical methods.

One of the most natural types of prompting is the example. We rc
commended compiling, a rich and varying collection of cxample cards
as an important ingredient in preparation work.

It is usually as well to give an cxample of every new '"didactic state-

ment' including the easiest of them.

Example 10.4

To take the SOUARE of a number means to multipl y the number by
itself.

The squarc of 3 is equal to 3 x 3 or 9.

The square of 6 is equal to 6 x 6 or 36.

The square of 5is equalto..., x... or...

Example 10.5

Instcad of writing out the words ''square of'" you usually write a small
figure two to the right above the number you are to take the square of.

The square of 3 is thus written as 3_2_
5 =5x5=25

7 =T7Tx7=49

4 Xoo = ...

QOf coursc it is possible to give the same information by mcans of a
shorter procedure and without the prompting contained in the examples,

as here for example.

Example 10. 6

To take the SOUARE of a number means to multiplay the number by it-
self. A small figure two is usually written to the right above the number
you are to take the squarec of.

o4
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It is however, clear that the percentage of mistakes in the latter case
(among students who did not previously know the concept concernen)
will probably be considerably greater and the instruction is also likely
to be less effective when measured by retention over a period of time.
Not infrequently the program writer feels detailed exemplification to
be ''repetitive' and ''childish'' because he is himself well-versed in the
mattcr. The program readcr in the particular targct population often
feels the exemplification to be necessary and interesting. But this is
difficult to judge in advance. Only empirical testing can show definite-
ly what the students” rcaction is.

In some cases onec can make a simple additional branch of the "fast

" track type' (cf. chapter 9 above), i.e. lct the . fudents that require

them have more cxamples than the others. Box 10, 2 gives an illustra-
tion of this kind of procedure. In somewhat modified it reproduccs a
piccc of an Amcrican demonstration program. In this case the student
lcarns by mcans of cxamples (item 2 and 3) a special trick in mental
arithmetic, aided by a carcful step-by-step cxplanation. In conjunction
with itemm 3 he receives special instruction, Anyonc who thinks he can
nov manage arithmetical cxcrciscs of this kind on his own is scnt on
to em 6 in which this ability is test-d. Anyonc who fecls uncertain is
instcad given somc morc demonstration examples first with more dc-
tailed (no. 4) and then with less detailed (no. 5) prompting. If a s*udont
who has gonc straight to item 6 finds that he ha. estim?.ed * ., skil.
too optimistically (in other words if hc makes mistakes), he is sent
back to more practicc cxamples. (The program cxample given in
Box 10. 2 is only intendecd to illustratc the possibility of providing
cxamples in a differ tiated way and not to constitutc a model in any
other way. In many cascs onc does not want to stop at a supcrficial pre-
sentation of a trick in mental arithmetic, but to try to give the student
insight into why the trick works.)

The third rule for prompting we gave above was that one should not
assume too much knowlecdge or too much common cxpericnce. This is

of importance cspecially when giving examples. Aftcr all, the examples

‘arc totbe gatewuys to new knowledge as the student passcs from fami-

liar to unfamiliar'matecrial, from concretc to abstract matcrial. But it
is of course important that what one assumes to be familiar is in fact
familiar, Otherwisc the examples are of no help but an unnecesssary
difficulty, Here one must kcop one’s cyes open for individual variations

in background expericnce and not use illustrations that can only appecal
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to part of the target population. In this casec, too, trial testing will

show to what cxtent onc’s choice has been successful.

10. 3.4 Linguistic-Semantic Prompts

Wec have chiefly touched upon two main typcs of prompts: on the one

hand thosc wc have called formal and mechanical {for instance, the

first letter of 2 word or 2 number of letters in 2 word and on the
other hand morc mcaningful hints in the form of examples or logical
conclusions - so-called "thematic" prompts. A third main typc can
be said ir a way to come between thesc two: linguistic -semantic
prompts. The latter make the response casicr by reducing the num-
ber of possible answers with the aid of the structurc of the language.
In this casc it is a2 matter of making an appropriate choice. Onc should
avoid both scntence structurc; that are too "open'' and allow for too
many possiblc answers and do not therefore clarify the problem, and
scntence structurcs that arc too “closed", leaving too few possibili-
tics open and therefore coming close to mechanical hints. Look at

the following examples!

a)Coldair .......ou....

b) Cold air movesina n).... ...... dircction

c) Warm air moves upwards, cold air .............

d) Warm air moves upwards, cold air ........ downwards.

We can probably agrec that the first phrase, 2, leaves too many an-
swers open. We risk the student’s simply not knowing what wec want.
"Cold air is found in the mountains'', for cxamplec, is after all a con-
ccivable answer. Most of us can probably also agrce that the last
phrasc, d, lcaves too few possible answers so that we receive a
pscudo-answer of doubtful value, In this casc, however, somec pro-
grammers arc of a diffcrent opinion and usec this typc of sentence with-
out any further ado following thc maxim '"everything that produccs a
corrcct answer is pc smitted". The two other cxamples, b and ¢, re-
prcsent an intermediate degree of "answer guidance'. The number of
possible answers is smaller than in a2, but an incorrecct answer is
possible., In the concrete casc the particular choice should, of course,
depend on what preccdes and follows it in the program (i. e. what know-
ledge therc is and in what way onc intends to continuc the line of
reasoning).

When it is a matter of tecaching new systems of symbols (for ecxample,
foreign languages), onc can utilize the "redundancy' of the linguistic-
scmantic system for cducational purposcs. A very specialised but in-
teresting demonstration of this has been given by Schaefer (1963). The

procedure is bascd on the fact that most verbal expressions contain
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"redundant" (theorctically supcrfluous) parts which can be removed
without any rcal loss of micaning (something that we do, for instance,
when writing telegrams). Thesc parts can, for example, be replaced
by nonsensc words without the student losing the meaning of the text.
If instcad of the nonsense words wec put in corresponding words in a
forcign language and do this in a systematic manncr thesc forcign
words should gradually take on the correct valucs of association. In
other words the student lcarns to forcign words by scecing them uscd
over and over again in their corrcct context, "The context! becomes
the actual prompt for what we wish to teach. What is characteristic
of this technique is among other things not presenting the foreign
words to start with as focal stimuli for drilling, They arc instead rc-

latively unimportant corrclative stimuli in the student’s world of ex-

pericnce. This is wherc the diffcrence lies between this kind of
prompting and morc usual types of "'thematic!'' hints in the form of
cxamples or logical argument,

Schacfer’s procedurc was of the following nature: The students who
were to lecarn German were given thrilling detective novels by Poc to
rcad. In these certain of the words in the native language (English)
werc cxchanged for corresponding words in the forcign language (Ger-
man). In an initial phasc this was done very cautiously. It was only a
matter of odd words that bore little meaning (for instance, articles and
pronouns). In a sccond phasc the forecign clements were increased in
number. Among other things the special forcign word-order was intro-
duccd. It was thought, howecver, that the students would be so fasci-
nated by the tale that they would continue reading although the text was
now somewhat morec difficult. In a final phasc further forcign clements
werce introduced including central, significant words. Short textual
excerpts from the three phascs are given as c;&am?lcs in Box 10. 3.

Obvious objections to a t. :hniquc of this kind arc, of coursc, that
the linguistic structure often becomes artificial and that pronunciation
instruction is neglected in Schaecfer’s arrangement, Both languages al-
so have to be comparatively "isomorphous'' (have a comparatively si-
milar structure) if the technique is easily to be applicd. But one cannot
escapc from the fact that the students learnt a2 not inconsiderable Ger -
man vocabulary in a short time by this method (which Schaecfer was
casily able to prove by means of tests afterwards), and that they did
this without any feeling of having used up cnergy to learn scmething new.

Scveral of them cven asscrted that they had not learnt anything (they
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had only rcad a thrilling book!) and they were themselves surpriscd
at the result of the test. - Plainly a technique of this kind which
systematically utilizes linguistic ''redundancy'' in prompting, is
worth further rescarch even if in its present shape it would hardly be
acceptable for more gencral use in language tcaching.

The types of prompting discussed here - syntactic guidance, for-
mal znd mechanical provocation and logical hints of meaningful con-
tent - are often used parallel to one ancther wherceby the increased
''context specification'" at the same time racans a reduction of the num.-
ber of possible answers ("'ficld of choice'). A thcorctical illustration
of the gradual restriction of the ficld of choice when introducing new
stimuli in a responsc request complex is given in Box 10,4, The
smaller the logical ficld of choice is, “the greater the 'potential
stren th! of the prom.pting can be s2id to be. The recal strength can-
not, cf course, only be presumas! on the basis of lozic since this al-
so depends on the stucent”s individual cognitive ficld, Even potentially
very strong prompting becomes psychologically ineficctual if the stu-

dent does not possess the right background expericnce.



- 10,20 -

Bo:x 10.2 Fast track arrangement for the variation of pror-pting

(more or less cierrplification for different students).

1. ] We shall now teach you a trick in mental arith-
metic that enables you guickly to work out the
square of a two-figure number ending in 5. When
you have gone through a couple more exercises
you will be able to say what 55 x 55 or 95 x 95 are

in a few seconds. Go on to the next exercise!

2.| You can work out what 35 2z 35 is in the following
way:
a. First note between which multiples of tens
the number 35 comes.
It comes between 30 and 40.
b. Multiply these two multiples of ten:
3040 =.......... 2 b, 1200
c. Add 25 and you get the final answer ...... 2 c. 1225

Don’t you believe me? Check it in the usual way!

3.| Now try with 65 x 65!

a. 65 comes between the multiples of ten

........ and 70 3a. 60
b. Multiply these numbers: .. ... > 3b. 60 x70
= 4200

c, Add 25 and the final result is .......

Can you work out in your head what 45 x 45 is?

Or what 85 x 85 is? If you can, go straight on

to exercise 6, If you feel uncertain, continuc

with exercise 4,

1
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Box 1C. 2 (continued)

4.] You multiply 45 x 45 in your head in the following
way:
a. 45 comes between two multiples of ten, i.e.
between ...... and ...... 4 a, 40,50
J b. When you multiply these multiples of ten by
one another, you get the number ...... 4 b. 2000
c. When you then add 25 to this number, you
get the product of 45 x 45 or the number . ... 4 c. 2025
5.{ 55 x 557
a. 55 comes between the multiples of ten ..... s
and ..... 5 a, 50,60
b. Multiply...... by...... and you get ...... 5b. 50,60
3000
c. Add ...... , and the final resultsis ........ 5c. 25
3025
6. Wor.k out in your head! a. 15x 15 =,......... 6a. 225
b, 85 x85=.,..,...... 5b., 7225
, c. 95x95=.......... 6 c. 9025
If you have made a mistake, go back to exercise
4!
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Box 10. 3 Utilizing linguistic redundance in prompting

First phase:

"Truc! - nervous, very, very dreadfully ncrvous, ich had been,
and am; but why will you say that ich am mad? The discase had
sharpencd meine senses - not destroyed, not dulled then:., Above
all was der sense of hearing acute. Ich heard all the things in dem
heaven and der earth. I heard many things in hell. How, then, am
ich mad? Hearken! Und obscrve how healthily - how calmly ich

can tell dic whole story. "

Second phase:

Der second und third day went by und yet showed himseclf mein
tormentor nicht. Again could ich as frce man breathe. Das mons-
ter was apparcntly in great terror run away! Never again would
ich e¢s scc! Meinc happiness was complete! Dic guilt der black
deed disturbed mich but little. Some questions werce asked und
rcadily answecred. Einc search was cven undertaken, but, of
coursc, could nichts be found. Ich looked einer safc futurc to-

ward, "

Third phasc:

Dic slopc seincr Windc wurdce von Moment zu Moment smaller,

b und der bottom der Vortex scemed sich gradually zu lift. Der

sky war klar, dic Windc hatten sich died, und der moon went

brightly imm Westen down, als ich mich auf dem surfacc dcs

Ozcans facing dic coast von Lofodcn found ...."

61
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Box 10. 4 The potential strength of prompting stimuli as a function of

the number of possible choices: Theoretical illustration.

By adding new stimuli to a response request complex, we can limit
the number of reasonable possible answers. Different types of
stimuli often combine in reducing the field of choice. The examples
below (which in themselves are hardly instructional models) provide

a thecorctical illustration of this situation:

a) In1964both ............ and .....o.0. .. were shown

_in New York.

Typc of prompting: (i.a.) syntactical structure

Ficld of choice: noun

b) In1964bothMa .......... and Mu .......... were shown

in New York.

Typc of prompting: syntactic and formal

Field of choice: nouns beginning with Ma and Mu respectively.

c) In 1964 both ......... and .......... were prescented by the

Old Vic Company in a special performance in New York.

Type of prompting: syntax and specific category of contents.

Ficld of choice: nouns connected with the Old Vic Company.

d) To commemorate Shakespearc in 1964 both .......... and

.......... were prescnted by the Old Vic Company in a

5 special performance in New York.

Type of stimulation: syntax and two catcgorics of contents.
Field of choice: nouns connected with the Old Vic Company
and with the commemoration of Shakespcarc (probably dramas

by Shakespcarc).

e) In order to commemorate Shakespeare, in 1964 both Ma .....

and Mu ........ were presented by the Old Vic Company in a

spccial performance in New York.

Type of prompting: syntax, form, two categorics of contents,

Ficld of choice: nouns beginning with Ma and Mu respectively,
connected both with the Old Vic Company and with the comme-
moration of Shakespearec (intended answer 'liocbeth' and '"hiuch

o | Ado about Nothing'').
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Box 10. 4 (continued)

The reduction of the size of the ficld of choice can perhaps be scen

most plainly in a few diagrams:

A = noun
B = words beginning with Ma and Mu
C = nouns beginning with Ma and Mu

(ficld of choice in version b)

A = noun

D = something rclevant to the
Old Vic Company

E = something relevant to the
commemoration of Shakespcecare

F = nouns that are rclevant both
to the Old Vic Company and to
the commemoration of Shake-
spearc (ficld of choice in

version d)

A = as above
C = as above
F = as above
G = nouns beginning with Ma and Mu

rospectively, relevant both to
the Old Vie Company and to the

Commeaemoration of Shakespeare

(ficld of choice in version ¢)




O

ERIC

Aruitoxt provided by Eic:

-10.25 -

10.4 FADING TECHNIQUE

Our example in Box 10. 3 of thec use of linguistic redundancy illustrated
not only prompting but also gradually increased demands, The con-
cepts '"vanishing" and "fading" (sometimes uscd in the same sense,
sometimes with diffcrent meanings) have played an important role in
the American discussion on programming technique. We have to note

that this fading can rcfer to both the prompts (fading of non-focal sti -

muli) and the central instructicnal matcrial itself (fading of focal
stimuli). Both methods can have gcod insiructional cffects,

The fading of non-focal stimuli becomes particularly important if

they arc of a mcechanical and irrelevant nature. If inh somc conncction
it has been thought desirable or nccessary to encourage the correct
answer by means of technical devices, t may then be important to
guarantcc that the student also learns to give the correct answer with -
out the help of such mecchanical aids. But cven when onc uses more
meaningful prompts it is important gradually to fadc away aids in rca-
soning, for cxample, so that thc¢ student can then quickly give the cor -
rect answers on his own,

In thesc latter cases fading consists quitc simply of a gradual short-
cning of the explicit chain of rcecasoning. This is oftcn a central task
for the '"micro scquences'' that onec tries to construct within the pro-
gram when onc ntroduccs a new concept or a new didactic statement.
Each concepts is usually introduccd by mcans of a small chain of
didules. Thc chain is, then, started by relatively dctailed didules
where the response request is easy to fulfil with the guidance of the
matcrial that is actually found in the information scction concerned.
Then this prompting is gradually decrcased so that when the student
has reached the end of the chain lie can manipulate the necw content on
his own as ‘he wishes without the help of prompting information.

(The threec latter exercises - 4, 5 and 6 - in Box 10. 2 above illustrate
a very short chain of this kind. Excrcise 4 gives ample prompting,
excrcise 5 less, and in exercisc 6 the student has to manage on his
own. All assistance in rcasoning is removed, )

The fading of focal stimuli has a partly similar function, but is main-

ly used when wec arc concerned with whole structures of focal stimuli
simultaneously. In such cases onc part of the structure can be said to
support another. A technique of this kind may be suitable for drilling
in a comparatively large amount of material with a distinct overall

gtructure: a poem, a geographical map or the like. The poecm can be
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lcarnt by heart from a scrics of successive presentations, in which
thc student always reads out the whole text, but where the material
presented is reduced by degrees. At first only a few odd, rcdundant
words arc removed, then more me aningful words and finally whole
lines.

Usually the fading takes place in stages, during which the student’s
attention is directed towards central parts of the existing structurec
while having to answer quecstior.s, In such cases onc frequently uscs
a bundle of "information appendices' to the program, both becausc the
actual maps or diagrams are often unwieldy and thus not suitable to
be fitted in 2 normal way into the information scctions of the didules
and becausc an individual map or an individual diagram frcquently has
to be ur 2d in a whole scrics of didules. Let us give 2 concrcte example:
our student is pcrhaps to lecarn by hecart a road map of Central Europec.
As an aid he has both a number of map appendices for the : rca and a
"work book' with continuous didules in which questions arc asked and
answers arc to be written in, The first map appendix is a dctailed
rceproduction of the main roads and citics of the arca with names and
cartographic symbols clcarly marked. The student becomes familiar
with the map by answering qucstions in a scrics of didules about the
relations of different places and roads to onc another and about their
position in rclation to certain gcographical key points (rivers, moun-
tains ctc. ). Then he is directed to a different map appendix. On this
ofnic quite a number of the names have been removed. The student an-
swers new questions and now he has to put into action knowledge ac-
qdired by mcmorizing as well. At a third stage he rcceives a map
with even less information ctc. Finally he perhaps warks with a skele-
ton map on which only certain country boundaries or basic geographi-
cal indications are left., But by now it is quite probable that he has
mastcred the map, acquired a Ycognitive map', i.c. that he has

Mearnt" the area.

(P
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10.5 SOME OTHER PQOINTS ON THE CONSTRUCTION OF THE IN-
FORMATION COMPONENT

Apart frorn the points alreadymentioned about the size of steps, prornpt-
ing and fading, many other points - both very general and very special-
ized - about the information cemponent could be referred to. We shall,

however, content ourselves with giving a few pieces of practical advice:

(1) Introductory information, The first piece of advice could be for-

mulated in the following ‘way. Do not forget that the students are ofcen
confronted with a new and previously untried instructional situation!
Try to arrange an introductory section that teaches the student the spe-
cial work technique rcquired and that accustoms him to the new method

of working.

(2) Information focusing, Do not present more new information in a

particular didule than thec student can manage to absorb! The incx -
perienced programmer is likely to ''lccture! rather than give instruction
in stages. Hec collects too many facts in onc comple:: unit with the re-
sult that the student does not notice and work with morc than part of the
information. Somrctimes programmess have been advised never to pre-
sent more than two new facts in onc didule or never to write didules with

morc than two sentences or morce than 50 words long. Such rules of

thumb ought, however, to be taken with a large pinch of salt, In certain

types of program they may poscibly scrve as a reminder of the nced
for information focusing, but they should of coursc never be regarded
as absolutc norms. Extcrnal limits to the sizc or content of didules
cannot possibly say anything about the instructional value of the didule.
Diffcrent groups of students and diffcrent goals often require complete-
ly different methods in these respects. Research findings showing that
didulcs of morc than two scntences or morce than 50 words cannot func-

tion wecll do not cxist,

(3) Focus on differcnces. A picce of advice of a more specific naturc

is that, when it comes to tcaching the studcent to distinguish betwceen
diffcrent complex stimuli, it is probably more cfficient usually to pre-
sent the distinguishing details of the differcnt objects together (simul-
tancous diffcrence prescntation) than to present the complete objects
separatcly (separate object prescntation). The former method means a
cleaner focus on the differcnces the student is to be able to distinguish
in the terminal situation and thercfore it probably oftecn mcans betier

conditions for a bchavioral transfcr to a comparable situation in reality.
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To take a concrete example: if the student is to learn to distinguish

between a number of different plants (casy to mix up for anyonc who

is not uscd to them) it is probably less cfficient to present them in

picturcs one after the other with descriptions of their characteristic

fcaturcs attached, than to present their distinguishing dcetails side by
1

side (for cxamrple onc picturc of the shapes of the leaves of the plants,

another of the position of the {lowers on the plants ctc. )

(4) Student-adapted languapge. Usc language that is well-adapted to

the tar ' Lopulation! Ccrtain programmers give the advice that one
should cxamine the rcadability of the language with the help of some of
the current standard formulas (cf. Fry, 1963). Words with scveral
syllables, sentences with many words and words that arc not among the
most frequent ones of the language then give an index of decreased
rcadability, But cven if such standard guides can sometimes be of some
intcrest onc ought to avoid applying them as a routine, It is certainly
not always the short word or short scntence that gives information most
preciscly or with the best ecducational cfficiency. And above all: we do
noti by any mcans want to sticlk to the 3000 most frequent words of the
language. How should we then cver go beyond the children’s stage in
our instruction? How should we then be able to teach in subjects with
scicntific terminology? What is important in programming is of coursc
not to introducc new and difficult words without e¢xplaining them and
testing whether the explanations arc adcauate for the target population
in question. Anyone who has hecard ten-ycar-old boys discussing motor
cycle cngincs and types of acroplancs with 2 most advanced terminology
and great compctence, understands that it is not the brevity or average
frcauency of the word in the language that decides its fitness for usec.
Morec decisive is the interest in the subject and the '"individual frequen-
cy'" of the word -- factors that 2 good program has a considcrable chance

of influcncing,.

(5) Balancc between inductive and deductive forms of presc.tation.

The designers of the Ruleg system (cf. above) are of the opinion that
onc first ought to prescnt a rule and then illustrate it, In their experi-
cncc it leads to the most rapid acquisition of knowledge. In many con-
texts this mecthod is also quitc natural. At the same time we chould not,
however, forget that speed in lecarning is oftecn not our only goal. We
are often anxious that our student shall learn a good work tcchnique

o with intcrest and skill in "discovering principles'. For that purpose the

ERIC
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oppositc nicthod is probably morc suitable usually, Through a scrics

of examples we lcad the student towards formulating his rule or at
lcast an approximatc rulc on his own. A combination of the two mecthods
is probably often to be recommended. An alternation between deductive
and inductive strategics also diminishes the risk of monotony in the

program.

a
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11. WORKING OUT INSTRUCTIONAL UNITS: RESPONSE REQUEST
AND RESULT INDICATION

11.1 THE RESPONSE REQUEST

We have alrcady had rcason to give certain vicws on the construction of
the responsc rcquest, both when discussing the coice between different
flow modecls and whe» discussing the information component. In this scc-
tion wec.present a few picces of advice by way of summary together with

some additional commncnts.

i1.1.1 Overt vs. Covert Response Behavior

The cxternal, ovcrt responsc rcaction plays an important role in the ar-
guments uscd by e. g. Presscy and Skinner. Therc is no doubt that pro-
grams with cxternal response reactions have often shown to be very
cffective. But is such an external response reaction nccessary? A se-
ries of studies in which programs with and without ¢xtcrnal responsc
reactions of this kind have becen compared does not secem to give a clecar
affirmative answer to this question. Students can obviously learn from
programmecd matcrial without writing out answers - something, in-
cidentally, that only astonishes a few stubborn dogmatists.

On the other hand, we have to reckon with a scries of "positive side
cffects" of the cxtcrnal responsc rcaction (quite apart from its im-
portance for immediate instructional cffectiveness): (a) In the long run
it can be an aid in holding thc student’s attention and providing motiva-
tion. It can also be an cxternal guarantecc that the student will not re-
main, completely passive. (b) It provides us with continuous achicve-
ment reports on the work of single individuals which arc of valuc for
individual diagnoses and individual guidance. 1) (c) The achievement
data gives us a good basis for the further development of the instruc-
tional material, as it casily reveals on which points the latter has been
less cfficient. (d) For ccrtain students who casily overcstimate their
ability to learn and (e¢) for certain typcs of exercises such as, for
example, manual-pcrceptual ones, the cxternal response rcaction is
probably of spccial value.

Thus our final word of advice on this subjcct is: when any of the five
spccial points mentioned apply to the concrete instructional situation, itis
probably wise to work with overt response reactions. In other cases, how-
ever, attempts with implicit respnnse requests may very well lecad to
1) The value of achicvement reports for individual diagnoses has bcen

heavily stresscd, and it has even been claimed that the systematic
Q use of such reports would be a valuable alternative to currcnt in-

E [C tclligence tests, among other things, making prognoses of succecss
at school (cf. Sorenscn, 1963).
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equally effective instruction (and probably also to the material being dealt
with more quickly). This is, however, a field in which more research plainly
needs to be done. Cbviously, the decision depends on a series cf other fac-
tors, such as, the degree of difiiculty and relevance for the terminal beha-

vior of the responsc requests (cf. Box 11.1, se also Cool, 1962 a).

1i1.1.2 The Meaning of Errors

A common piece of advice is that onc ought to formulatc the response
requests so that the pcrcentage of errors is kept low, according to certain
programmers below 10 %, according to others as closc to 0 % as possible.
The reason for this is, arnong other things, that onc wants to create a posi-
tive climatc of learning, wherce the negative and external motivation for
working (working to avoid discomfort, for, cxample, in the form of low
marks or the teacher’s disapproval) is replaced by a positive and internal
motivation for working (working bccausc it is fun, becausc it is satisfying
to talic ncw steps forward, to succced). Thus one avoids, it is thought, both
a general anxicty that at least in certain cases can lecad to impaired intellcc-
tual achievements and the risl: that the ncgative atmosphere also infects the
readincss for and interest in instruction in general (with a resultant, more
gencral unwillingness to study).

Another argument wich is usually put forward is that it is better to
get the corrcct answer immediately which onc can then strengthen and
refine further, than to start witl: an incorrcect answer that one then has to
’work away’ . Many proponents of programming have claimed the impor-
tence of keeping the percentage of crrors down, including Skinner. Others,
however, likc Pressey and Crowdcer, are of a partly diffcrent opinion
(Crowdcr uscs, as we know, systematic error instruction in his programs).

Therc is probably a lot of truth in the arguments in favor of low error
ratcs, and ccertain studies also indicate that a high percentage of errors
within a program leads to decrcased effectiveness. It is a common layman’s
reaction to sclf-instruction programs to say that the excrciscs arc 'too
casy'. This rcaction is the rcsult, among other things, of confusing the
aim when writing a didulc in a program with the aim when writing an exami-
nation question. The purpose of the cxamination is to decidc the knowledge
level of the individual, i.e. what thc student has alrcady learnt. The main
purposc of dc didule, on the other hand, is in most contexts instruction and
not checking instruction. If onc judges the kind of didules that most students
can deal with immediately as being too easy, onc ought, to be consistent,

to judge those passages in a 104:}150 that a sufficiently largc number of people
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Box 11.1 Typc of response, information level, and terminal

relevance - an cxperiment

REF.: Eigen, L.D. & Margulies, 5.
Rcsponse characteristics as a function of information level.
Journal of programmed Instruction, 1963, 2 (1), 45-54.

PROBLEM:

Skinncr and others have laid great stress on the student being
allowed to give ""external" (overt) responses to the study mate-
rial, Investigations in which comparison has been madec between
the cffectivity of programs wherc the student has given "external"
(overt) responscs (usually in 2 written form) and programs where
the student has only given "internal" (covert) responses have,
however, not given clear cvidence of "external' responscs ne-
cessarily being more cffective. Different investigations have
come to diffcrent conclusions on this point. Could the position
possibly be that the problem of the "external' or "intcrnal' type
of answer has to be secn in rclation to some other variables if
anything more definitec is to emerge about the cffectiveness of the
type of answer? Might, for cxample, the degrec of difficulty of
the matcrial (or the "information level") be of immportance in this
connection? Is the relevance of the response request to the ter-

minal behavicr of any importance?

ME THOD:
Three major variables were studied:

a. overt versus covert responding (half of the group of students

had to give written answers, the other half was instructed
only to "imaginc" the answers),

b. information lcvel (part of cvery student’s instructional material

had a "high'", part of it a "mecdium' and part of it a "low" in-
formation level), and

c, the tcrminal rclevance of the response request (some of the

questions in the test conccrned things to which the students’
attention had been immediately drawn in the program through
response rcquests, whilc other questions concerned things that
admittedly had becn presented in the program, but to which no

response rcequests had been linked),
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"The information level' was defined by the authors as a measure
of the ""information" required to make a decision, and was com-
putced as a function of the number of alternatives from which the
decision is to be made. This can be said to be 2 way of operation-
ally describing an aspect of the degrec of difficulty in a picce of
matcrial. The study matcrial used was very specialized and con-
sisted of drilling in ccmbinations of letters. Mcaning. less com -
binations of consonants (ZBX or VRT) could then be said to have
a "high information lcvel' or to represent "difficult'" material
(the number of possible combinations of letters is large), where-
as meaningful words of a cecrtain formm (CAT, FAT, HAT) could
be said to have "low information level" or to represent ''casy"

material (the possibilitics of choicec arc relatively few).

SUBJECTS:

362 studcents from the U. S, grade scven and cight.

RESULTS:

The main result was that "external' responscs proved to be su-
perior to "internal' responscs in certain casces, but not in all.
The "external' reactions were supcerior only when the responsc
requests in the didules where the information was presented, were
tecrminally relevant, In other words: if the student’s attention

was not focused by the responsc requests to the material that was
rclevant for the terminal test, it was of little importance if the
typc of answer was cxtcernal or internal. But the more distant the
ncew material was from the students” repertoire (that is to say the
morec difficult it was), the more important the requirement of an

overt responsc scemred to be for cducational cffectiveness,

DISCUS 3ION:

If the results can be shown to be valid for types of subject -matter
othcr than the fclativcly spccific material the authors of this paper
had worked with, the conclusions could be of importance for clari-
fying a few somecwhat obscurc points in the theory of programmed
material. The varying rcsults in diffcrent studics where one has
examined the value of "extcernal' responses might very well depend
on these investigations having insufficiently taken into considcra-

tion thec influence of the information level and the terminal reclevance.
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The studies that have not found cxternal responscs instruc-
tionally morc effective, can thus be thought to have worked with
programs of rclatively low information value and/or programs
with response requests with relatively small terminal relevance,

Apart from this, the rcsults can also have more 'necialized
practical consequences for program designers, If a program
contains material of a highly variced information level, it may
bc desirable to usec different types of resp 1sc requests (exter-
nal rcactions only where there is more difficult subject matter).
It is also conccivable that the group’s acquaintance with the ter-
minology and problems of the ficld fluctuates a great deal and
that this can be a rcason for working with parallel tracks w' cre
only onc group of students - thosc having less expericnce in the
ficld - is working with cxtcrnal rcsponse reactions,

Finally it ought to be stresscd that the study material used in
the present experiment was both very short and of an extremely
specialized nature. Before drawing too cxtensive conclusions
from the experiment it would therefore be desirable for the pro-
blem of the type of responsc, information level and termi: 1l re-
levance to be studiced from other points of departure (~ith diffc-
rent curricular matcrial and with other opcrational definitions

of the degrece of difficulty or information level),
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do not misundcrstand as being too casy!

On the other hand, onc should of coursc not stress the demand for a
low pecrcentage of errors so heavily that onc thinks cverething is perfectly
all right when onc has rcached that goal. It is casy to keep the percentage
of crrors down if onc is satisficd with corrcct answers given after too
strong prompting or if onc forgets the demand for the rctention of know-
ledge. Some incorrect rcactions can undoubtedly be of cducational valuc
if they arc fallowed by the student’s dircctly sceing what e must have done
wrong or by an explanation. The distribution of crrors is the often morc
important than the average percentage. Occasional demanding items which
thus producec crrors can somctimes bc uscful for the progrcss. of the lear-
ning process, whercas continuous groups of excrciscs that the student fair-
ly constantly answers incorrcctly probably morc often than not have a nega-

tive cffect on the climate of learning.

11.1.3 Constructed Recsponsce: vs. Multiple-Choicc Responscs

We have alrcady discussed above some of the disadvantages and advantages
of multiple-choice responsces. V/e then stated that the usce of multiple-choice
rcsponscs as a matter of routine thi sughout whole programs can have basic
disadvantages. The students arc casily tempted to gucss, they can get the
corrcct answer by means of climination, they arc forced to read through
plausible crror responses, and they sometimes do now have to be able to
show morc active knowledge. VVc¢ also pointed out, however, that the ques-
tion has to be secn in reclation to the rclevant terminal behavior. If terminal
behavior requires descrimination it may be natural to use multiple-choice
rcsponscs in the program. /c ought perhaps to add in braclkets thet the con-
nection with the terminal behavior should not be regaxded as a final factor
in our decision (in one rescarch cxpcriment it was possible to teach child-
ren to writc through perceptual multiple-choice training!). Our most im-
portant statement was perhaps that we by no means have to limit ourselves ~
as many programmers secm to have done - to working through whole pro-
grams with the same response technique. On the contrary, the different
methods probably complement cach other in many contexts in an excellent
way.

Thus it may be natural to work with sclf-constructed responses as a
main mcthod (and generally speaking it cncourages less guess-work and
is morc demanding), while at tho samo time one inpe¥ts multiple-choice

, exercises as soon as there seem to be special reasons for doing so.
¢

E lC Sometimes multiple -choice exercises may for example make the
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"'sorting'' of students easier at the branching points within the program.
Students who choose one alternative obtain one type of continuation, whilst
students who choose a differcnt alternative are directed along a different
path.

In certain conncctions the multiple-choice technique can be used for

purposes of dramatization (when the answer in itsclf is fairly obvious, but

where the choice can contribute dircctly to the student’s attention towards

somc striking aspect; Bascscu, 1962):

Example 11.1

Which is simpler to write?
a. 0+0+0+8+8+8+8+8+8+3+8+8+8+8+8 = 120
or
b. 15x8 =120

A very natural use is to lect the multiple-choice technique focus the an-
sweron the aspect onc is interested in. We have alrcady had rcason to de-
monstrate t hat the linguistic structurc can be "open' in differcnt degreces,
in so far as it can offer varying numbers of responsc possibilitics. Look at

the fdlowing threc versions of a responsc request:

Examplc 11.2

Version a

Crowdecr has published programs than Skinncr.

Version b

Crowder has published (morc/fewer) programs thar
Skinnecr.

The first version is obviously too "open', i.c. it makes too many
interprctations possible. We run the risk of obtaining too grcat a number
of varying types of answer: "longer', 'better', '"worsc', "with more
words'' (the correctnecss of which is sometimes diff .1t to judge) besides
the answer ("morc'') that the programmer thought of. “he second version
is on the otlhicr hand too ''closed''. Responsc requecsts of this type are un-
fortunatcly not all that uncommon in published progroms, but usually give
the student too easy a time. The third version on the other hand has by a
simplc device utilized the choicc technique to focus the response on the de-

sired fielt without thereby rcducing the degrce of difficulty to the level of

75



O

ERIC

Aruitoxt provided by Eic:

- 11,

(s}
1

11.1.4 Rclevance

The responsc rcquest ought to be relevant - both for the didule in which it
occurs and for the criterion behavior that we want to arrive at. It is especi-
ally against the lattcr important rule that less expericnced program writers
sin. They have admittedly learnt to '"cut holes'" in scntences, but not always
to placc these holes in a meaningful way. It is casy to producc somcthing
that "looks' lika a program. It can be madec with scissors and gluc if we cut
a text-boolk into twosentence picces that we call 'frames' and in every two-
scntence piccce of this kind cut out a word that we place in the margins and
call "reinforcement'! It is not unlikely that some pscudo-programs have
been constructed in & somewhat similar way - in cosy tcamwork over a late-
night suppcr. Our procedurc rccommended above of starting with didactic
sentences with specially marked key-words can be onc aid in the designing
of critcrion-rclcvant responsc requcsts.

As Holland, among others, has shown (by working with diffecrent versions
of his and Skinncr’s psychology program) it is quitc possible that onc and the
samec basic didule text can be of entircly different cducational cfficiency de-
pending on where the "hole' is imade. If we demand student rcaction to trivial
words, we get a low percentage of errors. If we demand student reaction to
non-trivial but unprecparcd words, on the other hand, wec obtain a high per-
ccntage of crrors. But in both cascs the probability of obtaining a positive
instructional cffect is small. In the former casc we lcad the student’s atten-
tion to non-focal parts of the information (and it ought to be onc of the main
tasks of the programs to focus corrcctly). In the latter casc we confront him
with ambiguous and sometimes completely impossible tasks, which slow the
worl down and lead it in the wrong dircction. The response rcquest ought to
be formulated so that onez can so to spcak cbtain a written guarantee from the
student that he has observed the new points that onc wanted to show him in

the didule in qQuestion.

Examplc 11.3

Version a

if we leave out a . . . . . in a descriptive test for the student to fill in,
the word ought so to bc choscn that it shows that . . . . . . . . has noticed
somcthing cssential and that not too many possibilitics of choicec arc left
open. The response rcequest ought in other words to be non-trivial and

unambiguous.

Ver51on b

e L

the word ought so to be choscn that it shows that .
and that not too many possibilitics of choicc arc left open. The responsc
reguest ought in other words tobe . . . . . ... . and .
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Yersion c
the word ought so to be chosen that it shows that the student has noticed
somthing csscntial and that not too many possibilitics of choicc are left
open. The responsc request ought in other words to be

(trivial /non-trivial) and

(unambiguous /ambiguous)

In all three cascs the samece text is given. In version a onc has sinncd
against the dernand for non-triviality, and we have no guarantcc that the
student has recally noticed the main point in the information. In version b
on the other hand the responsc possibilitics arce innumerable, and to be
surc that the students will answer as planned we have to ascribe gifts of
tclepathy to them. Only if the cxercisc werce of a repetitive nature could
such a formualtion possibly be pardoncd, but cven then a clearcr form
would be prcicrable. Most pcople can probably apgrec that version ¢ is
the only onc that is fairly fit for usc.

A way of morc casily avoiding the risk of working with trivial rcsponsc
requests is to keep apart what we have called the inforrmation component
and what we have called the responsc request more distinctly than has been
usual in progrum wvriting. This division docs not have to be madc cntirely
in the extcrnal arrangement even if it can sometimes be uscful (cf. Box 11.1
above). Dut it is valuable if it is kept in the designer’s mind. In that casc
onc would ncver think of having such responsec requests as in example 11. 3,
version a. Such a responsc choice can only occur if onc has got stuck in

Yholc~-cutting'® routines.

11.1.5 Position

The position of the responsc request is important, particularly in two
respects: The external position within the didulce is often of decisive im-
portance for the focusing of attention. The psychological position as the
second linlk in the chain of association must be scen in realtion to what
is desirable in the terminal situation.

As rcgards the cxtcrnal position one can give the gencral recommen-
dation that the recsponse request ought as a rule to be placed ncar the end
of the prescntational unit. Othcerwisc one runs the risk that when the stu-
dent has given his answer he will fail to devote sufficient at tention to the

remaining parts of the didule. Lxample 11.3, version a illustrates this

1) The extremely chopped up scntence structurcs which onc sometimes
sccs in rcpetition didules and which remind onc of the more scantily
worded versions of "Thrce blind mice' can in fact usually be replaced

o . .
E lC to grecat advantage by open questions. "Cutting holes'" should not beccome
an cnd in itsclf and degencrate into a guessing game between program

dcsigner and student.



as well. There is nothing here tiat guarantces that the studeant will not simply
sidn the last two sentences wien he thinks that he hwns completed the cizercise
("*filled in the holes').

As regards the psychological nosition as a sccoend lintk in a chain of
associntion we can refer to our argunent about ''reversible! associations
above. Two rccommendaticns are relevant in this cennection. If the analysis
of tlic seal shicws that the chain of association in the terminal situation ougmiit
to worl:z well in both dirccticns (which is usually the casc wien learning foreig.
languages cr in the study of otlier sysicms of symbols), botl: dircctions ournht
te be practised in the respoinsce requests. If we teach Enclishi-Freach vaca-
bulary to English-speaking students, the Y rench terms ouwgiit thus to be
praciised buili in thie responsce position and the stimaulus position, pruvided
we do not oxclude in advance tiie possibility of vsine botl: dircctions in the
terminal sitvation (thus if we were, for ciample, only to nced to translate
into Saglish).

e sccond receramendation in tlis connection teuclhies on the question
of which of thic two dircctions we ouclit to nractise first. Therce ciperience
tells vs that learning probably occurs more quiclldy if one siarts with putting
the Lest-lmown and iaost meaninaful part (the simplest part, so to speak)
in the responsc position, thus in our ciample the studeni’s own language.

It is probably alsc advisable to give thce student am>le ophoriunities for

practising tiiis onec dircction befure coing over to »ractising the other.
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11.2 THE RESULT INDICATION

A result indication can be given in different ways:

(2) By means of a signal from the machine (for example a red or green light)
the student can see whether he has answered right or wrong.

(b} The machine can work so that it docs not go on to the next cxercise until
the student has managed to solvec the preceding cxercise correctly (for examp-
le, by pressing the right button that represents the corrcct response alterna -~
tive, or by arranging his letter or figurc levers so that the combination coin-
cides with the solution code built into the machine).

(c) The student can simply scc or hear the model answer himsclf, as soon as
he has madc his own rcsponsc attempi, and thus comparc his own achicve-
ment with the model answer.

(d) When he rakes a mistake, the student can obtain special error instruction,
which, starting with the particular typec of crror he himsclf showed, cxplains
the point more closcly.

(¢) The student can also get morce specific ''rewards' or '"punishments''. The
machinc can ''lay" a toffce or make a pronounccment of judgement (the compu-
ter can, for cxample, with the aid of a teleprinter, producc all sorts of
cxclamations ranging from "Brilliant!' to "Block-hcad!'').

The most common proccdurc at present is probably that the student can
scc the modcl answer (alternative c¢). In most contexts this probably also has
considecrable advantagces over the other possibilitics. In the first placce it is
considcrably casier to arrange. Machines that do not go on until the correct
answer has been given immediately become more complicated, cxpecially if
one wants to work with constructed responscs. The comparison with the model
answer also gives morc information than, for example, the arrangements
wl.en the student only finds out if he hac made a mistake or not. (If he has madec
a mistake, he finds out through the modecl answer what he should have an-
swecred, too.)

Error instruction naturally gives cven more information and can some-
timecs be of value. We have to remember, however, that as a rulc we wish to
obtain a low'pcrcentagc of crror. The error instruction is then quite likely to
be of less importance. Furthermore, onc can of coursc make mistakes in
many ways and it can be difficult to forcescc all possibilitics and to writc spccial

instuction for all reasonable types of crror.

1) Thc alternative answers onght in thecory to represent all possible, non-trivial
sourccs of misunderstanding. If onc tests the study material without alternative
answers, the student”s "'spontancous'' crror rcactions ought in other words to
corrcspond cither dircctly to the catecgorics of crror instruction the program
contains or to be of a trivial natu~c. To be able to choosc suitable altcrnatives
when constructing a program onc ought thercefore to start with an empirical

L analysis of the types of crror the students make when they give selfconstructed

EMC answers. Such a mcthod is, however, probably rarc in practice at present.
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Finally the cxistence of crror instruction is in itsclf no guarantec for the
student having understood the point. In a typical Crowder program the student
gives the correct answer sooncr or later whether he has understood or not

(2 drastic demonstration of that is given in Box 11.2).

The speccial reward cffects in the form of rcal or symbolical toffces
may be fun and thus in certain situations incrcasc motivation, but many judges
of programs agrcc that these 'eiternal” reward cffects arc in principle less
desirable. It is more corrcct, it is thought, that success is its own reward
than that artificial reward cffects are employed. We have had too many of
thosc for a long time now in the world of the school.

That rcsult indications often producce a good cffect is cbvious, and that

cffect is probably above all linked to the continuous checking of the work

proccss. The indication immediately informs the student who is wrong that he
is wrong and also what hec should have answerced. The incorrcct answer is then
immecdiately replaced in the student” s cognitive field by the correct one, and
the crror docs not then have any chance of persisting. It informs the carc-
less student that he has been carcless and is an immediate warning to take
morc carc. It confirms the corrcect answer and thus the st udent often gets a
comfortable fccling of having taken a step forward, an aspecct that frequently
ought to give the whole work situation a positive charactcr (sincec correct ans-
wers arc in most cascs considerably more common than wrong answcers).

Is the immediate result indication nccessary ? Some experiments indica-

te that this is not nccessarily always the case. Cecrtain experiments with
programs without rcsult indications have shown cqually good instructional
effect. The main cause for this is probably that the programs arc usually
designed for the students io obtain a low error percentage. This mcans that in
the result indication the student is very often informed about somcthing he in
fact alrcady knows. In that casc the fecling of making progress can hardly be
incrcased. The grcater the probability of a correcct answer, the less important
thc result indication probably is. But in the special contexts when the student
makes mistalies the immediate check can of coursc still be of importance.

In fact, individual diffcrences probably assert themsclves to a considerable
cxtent. Thus the rclation between the individual”s expectation of success and ‘
his actual success arc quite likely to become of importance for the motivational
valuc of the result indication. On this point findings from rcscarch on aspiration
levels might well be taken into consideration.

Can partial scries of result indications be morc cffective ? This question

has been raiscd by scveral programmers. It is mainly bascd on findings from

experiments with animals when adimittedly 100% "reinforcement’' makes for

most rapid lecarning but when in certain circumstances, other '‘reinforcement
T strategics! (partial rcinforcement according to certain schemes) have proved

ERIC
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Box 41, 2 A problem in error instruction of the Crowder type

On his way through a nrogram with error instruction our student

meets the following presentational unit:

P. 29

""here no chadwick slumbers, domps Daisi,
I am moved in geyds, I am wlamm and gondel
my deyd is dands and my feyd is rondel,

and wopt in taris, gland in deld and yondel, "

Beneath the gay surface Daisi has obviously touched on a
traumatic point in her deyd, the decep split that is revealed in
her claiming to be at the same time wlamm and gondel and
her using the revealing exprecssion "giand in deld'. It goes
without saying that a gland geyds must be of more significance
and be more difficult to wop than a dands feyd, at lcast if one
takes into consideration that a wlamm deyd can hardly be ron-
del,

Taking this argument into account, which of the following
psychological interprectations of Daisi’s motives secem to you

to be most plausible?

1) She is more gland than wlarnm sce p. 34
2) Her feyd is in fact dands see p. 37
3) Inced a furt - ¢ explanation sce p, 45

Our student fcels a little confused. He thereforec looks up
page 45 and finds the following:

YOU ANSWERED: I need a further explanation

Let us sort out the problem together. The difficulty probab-
ly consists in your not having observed that Daisi talks of '"deld
and yondel" in the same way as she co-ordinates gondel and
wlamm, A yondel taris can obviously not be geyds wopt at the

same time. This simplifies the question a lot, doesn’t it?

Now turn back to p. 29 and choose the right answer!

81
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How grecat is the likclihood that our student will not answer
corrcctly? If he werc to answer incorrectly, how great is the
likelihood he will answer correctly at the next attempt? What
does a correct answer of this kind tcll us about the student’s
undecrstanding and knowledge?

It has sometimes becn claimed that the Crowder programs,
with their error instruction and their additional explanations,
guarantec tha' 2 student will not be taken on to new material
until he has p_(_.rly understood what he has gone through.
Some people have also been of the opinion that unlike other
types of programs the Crowder programs do not thercfore re-
quire testing in advance on students with error analysis and
retention analysis. (In actual fact such tests in advance of the
scrambled books of the Crowder group seem to be rare.) What
objections can be made to this argument?

/ The cxample above, starting from a nonsense text By a
Swedish author, Harry Martinson (and earlier presented in
Bjcrstedt, 1963) has bcen modelled after an idea by Markle
(now available in Markle, 1969)./
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to be valuable for prescrving the bechavior pattern. Of coursc, such cxperi-
ments could be of interest, but the likelihood of being able in gencral to
incrcasc cffectiveness in the human lecarning process by giving partial result
indication docs not scem very great a priori. We must not forget that the food
reward bascd on the ’'picce work’ principle and given to the hungry rat is
rathcer remote - despite the parallels some pcople have tried to draw - from
the human communication situation where a ''partial key'' would probably
oftecn be regarded as something artificial.

The most important point of view, from the perspectives of learning
thcory, is perhaps that it is not mcaningful to declete reinforcement when new
things arc to be lecarnt (and this is probably thec most common task in the usual
typc of programs), cven if such partial rcinforcement strategics may be rcasonab-
lc when behavior alrcady acquired is to be retained. Such considerations do
not, howecver, prcvent partial result indication from being uscful in certain
cascs (for cxample, in material with varying degrees of difficulty). In this

field, too, more rcscarch might well be desirable.

O
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NOTE ON REFERENCES

The present report is the sccond in a scrics of three (issued as
"Didakometry', Nos, 30, 32 and 33). Thec refercnces have all been
collected in the third report. Therefore, the reader is referred to

the reference list in Didakometry, No. 33.
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